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   RESUMEN
La literatura científica parece indicar que la conexión/desconexión del pilar 
protésico puede provocar alteraciones en la inserción epitelial, causando sangrado 
y ulceración en el mismo. Esta ruptura mecánica se puede considerar como una 
herida abierta con la exposición del tejido conjuntivo, lo cual puede resultar en una 
respuesta inflamatoria y consecuentemente en migración apical epitelial.
Esta tesis resume un trabajo de investigación experimental “in vivo” diseñado 
con el objetivo principal de evaluar histológicamente el comportamiento del tejido 
óseo marginal, cuando se manipula, repetidamente, el pilar de conexión en implantes 
“switching-platform” colocados en perros Beagle.
El objetivo secundario del estudio fue evaluar el comportamiento marginal 
de tejido blando tanto histológicamente (anchura bilógica) como clínicamente 
(cambios en el margen de la encía), y radiográficamente el comportamiento marginal 
de tejido duro (nivel óseo marginal), variando sólo la estabilidad de la conexión del 
pilar durante el procedimiento estándar de colocación de implantes Straumann® 
Bone Level la y su rehabilitación protésica.
Se seleccionaron seis perros Beagle adultos fueron seleccionados, y se 
extrajeron los pre-molares en las posiciones Pm3 y Pm4 del ambos lados izquierdo 
y derecho, dejando un período de cicatrización de 3 meses. En este momento, se 
colocaron 24 implantes (BL) (Straumann®, Basilea, Suiza) Ø 3.3 / 8 mm, dos en cada 
lado y en las regiones Pm3 y Pm4. En uno de los lados (grupo control), se colocaron 
12 pilares de cicatrización cónicos Ø 3,6 mm, y en el otro lado (grupo teste) lado, se 
conectaron 12 pilares multibase Narrow CrossFitTM (NC) (Straumann®, Basilea, Suiza) 
en el momento de la cirugía de colocación de los implantes. En el grupo test, todos 
los procedimientos de prótesis se realizaron directamente al pilar multibase pilar 
sin desconectarlo, y en el grupo control, el pilar multibase se conectó / desconectó 
cinco veces (en las semanas 6/8/10/12/14) durante los procedimientos protésicos. 
Posteriormente se confeccionaron 12 puentes fijos metálicos y se atornillaron 14 
semanas después de la colocación de los implantes. Una visita de higiene / control 
fue realizada seis meses después de la colocación de los implantes. Los animales 
fueran sacrificados a los 9 meses del estudio. Los parámetros clínicos y radiográ-
ficos (peri-apicales) se registraron en cada visita. El análisis histométrico se realizó 
para los 24 implantes. La distancia desde el hombro del pilar multibase al primero 
contacto del implante con hueso (S-BIC) se definió como variable principal.
PhD THESIS Célia Coutinho alvesPhD THESIS Célia Coutinho alves
Marginal bone and soft tissue behavior following platform switching abutment connection/ 
disconnection – a dog model study16
Marginal bone and soft tissue behavior following platform switching abutment connection/ 
disconnection – a dog model study 17
Se utilizó para el análisis estadístico el test de Wilcoxon (n = 6). No se encon-
traron diferencias estadísticamente significativas (p = 0,917 bucal, lingual p = 0,463) 
entre los grupos teste y control tanto en lingual como en bucal, para la distancia 
S-BIC. Sólo el parámetro aBE-BC (distancia desde el extremo apical del epitelio de 
unión hasta el primer contacto óseo con el implante) en bucal del Pm3 (p = 0,046) 
presentó diferencias estadísticamente significativas entre los grupos test y control. 
El grupo control presentó 0.57 mm más de recesión que el grupo test, siendo esta 
diferencia estadísticamente significativa entre los dos grupos (p <0,001).
Así y dentro de los límites de este estudio los animales, se puede concluir 
que la conexión/desconexión de pilares protéticos “switching-platform” durante la 
fase protésica del tratamiento con implantes, no induce la reabsorción ósea margi-
nal. Sin embargo, puede presentar una influencia negativa en la inserción conectiva 
bucal, haciéndola más corta, especialmente en los biotipos finos. En cualquier caso 
en este estudio, este efecto no supuso mayor reabsorción ósea.
Palabras Clave: conexión/desconexión pilar protésico; pilar protésico mani-
pulación; anchura bilógica; reabsorción ósea marginal; comportamiento marginal 
margen encía; pilar platform-switching 
   ABSTRACT
Objective: The effect on the marginal peri-implant tissues following re-
peated platform switching abutment removal and subsequent reconnection was 
studied.  
Material and Methods: Six adult female Beagle dogs were selected, and Pm3 
and Pm4 teeth, both left and right sides, were extracted and the sites healed for 3 
months. At this time, 24 bone level (BL) (Straumann®, Basel, Switzerland) Ø 3.3/8 mm 
implants were placed, 2 in each side on Pm3 and Pm4 regions. In one side (control 
group), 12 bone level conical Ø 3.6 mm healing abutments and, on the other side 
(test group), 12 Narrow CrossFitTM (NC) multibase abutments (Straumann®, Basel, 
Switzerland) were connected at time of implant surgery. On test group, all prosthet-
ic procedures were carried out direct to multibase abutment without disconnect-
ing it, where in the control group, the multibase abutment was connected/discon-
nected five times (at 6/8/10/12/14 weeks) during prosthetic procedures. Twelve fixed 
metal bridges were delivered 14 weeks after implant placement. A cleaning/control 
appointment was scheduled 6 months after implant placement. The animals were 
sacrificed at 9 months of the study. Clinical parameters and peri-apical x-rays were 
registered in every visit. Histomorphometric analysis was carried out for the 24 
implants. The distance from multibase abutment shoulder to the first bone im-
plant contact (S-BIC) was defined as the primary histomorphometric parameter.  
Results: Wilcoxon comparison paired test (n = 6) found no statistically sig-
nificant differences (buccal p = 0.917; Lingual p = 0.463) between test and control 
groups both lingually and buccally for S-BIC distance. Only Pm3 buccal aBE–BC (dis-
tance from the apical end of the barrier epithelium to the first bone implant contact) 
(p = 0.046) parameter presented statistically significant differences between test and 
control groups. Control group presented 0.57 mm more recession than test group, 
being this difference statistically significant between the two groups (p < 0.001). 
Conclusion: It can be conclude, within the limits of this animal study, that 
the connection/disconnection of platform switching abutments during pros-
thetic phase of implant treatment does not induce bone marginal absorption. 
Furthermore, it may present a negative influence in the buccal connective tissue 
attachment that becomes shorter anyway preventing marginal hard tissue resorp-
tion, especially in thin biotypes.
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Key Words: abutment connection/disconnection; abutment manipulation; 
biologic width, marginal bone resorption; marginal soft tissue behaviour; platform 
switching abutment.
   RESUMO
A literatura científica parece indicar que a conexión/desconexión do pilar 
protésico pode provocar alteracións na inserción epitelial, causando sangrado 
e ulceración neste. Esta ruptura mecánica pódese considerar como unha ferida 
aberta con exposición do tecido conxuntivo, o cal pode resultar nunha resposta 
inflamatoria e consecuentemente en migración apical epitelial.
Esta tese resume un traballo de investigación experimental “ in vivo” dese-
ñado co obxectivo principal de avaliar histolóxicamente o comportamento do 
tecido óseo marxinal cando se manipula, repetidamente, o pilar de conexión en 
implantes “switching-platform” colocados en cans Beagle.
O obxectivo secundario do estudo foi avaliar o comportamento marxinal 
do tecido brando tanto histolóxicamente (anchura biolóxica) como clínicamente 
(cambios na marxe da enxiva), e radiográficamente o comportamento marxinal do 
tecido duro (nivel óseo marxinal), variando só a estabilidade da conexión do pilar 
durante o procedemento estándar de colocación de implantes Straumann Bone 
Level e a súa rehabilitación protésica.
Seleccionáronse seis cans Beagle adultos, e extraéronse os premolares nas 
posicións Pm3 e Pm4 de ambos os dous lados esquerdo e dereito, deixando un pe-
ríodo de cicatrización de 3 meses. Nese momento, colocáronse 24 implantes bone 
level (BL) (Straumann®, Basilea, Suíza) Ø 3.3 / 8 mm, dous en cada lado e nas rexións 
Pm3 e Pm4. Nun dos lados (grupo control), colocáronse 12 pilares de cicatrización 
cónicos Ø 3,6 mm, e no outro lado (grupo test), conectáronse 12 pilares multiba-
se Narrow CrossFitTM (NC) (Straumann®, Basilea, Suíza) no momento da cirurxía de 
colocación dos implantes. No grupo test, todos os procedementos de prótese rea-
lizáronse directamente ao pilar multibase sen desconectalo, e no grupo control, o 
pilar multibase conectouse/desconectouse cinco veces (nas semanas 6/8/10/12/14) 
durante os procedementos protésicos. Posteriormente confeccionáronse 12 pontes 
fixas metálicas e aparafusáronse 14 semanas despois da colocación dos implantes. 
Unha visita de hixiene / control foi realizada seis meses despois da colocación dos 
implantes. Os animais foron sacrificados aos 9 meses do estudo. Os parámetros clí-
nicos e radiográficos (peri-apicais) rexistráronse en cada visita. A análise histométrica 
realizouse para os 24 implantes. A distancia dende o ombro do pilar multibase ao 
primeiro contacto do implante co óso (S-BIC) definiuse como variable principal.
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O obxectivo secundario do estudo foi avaliar o comportamento marxinal 
do tecido brando tanto histolóxicamente (anchura biolóxica) como clínicamente 
(cambios na marxe da enxiva), e radiográficamente o comportamento marxinal de 
tecido duro (nivel óseo marxinal), variando só a estabilidade da conexión do pilar 
durante o procedemento estándar de colocación de implantes Straumann Bone 
Level e a súa rehabilitación protésica.
Utilizouse para a análise estatística o test de Wilcoxon (n =6). Non se encon-
traron diferenzas estadísticamente significativas (p =0,917 bucal, lingual p =0,463) 
entre os grupos test e control, tanto en lingual coma en bucal, para a distancia 
S-BIC. Só o parámetro aBE-BC (distancia dende o extremo apical do epitelio de 
unión ata o primeiro contacto óseo co implante) en bucal do Pm3 (p =0,046) pre-
sentou diferenzas estatisticamente significativas entre os grupos test e control. O 
grupo control presentou 0.57 mm máis de recesión que o grupo test, sendo esta 
diferenza estadísticamente significativa entre os dous grupos (p <0,001).
Así e dentro dos límites deste estudo, pódese concluír que a conexión/des-
conexión de pilares protéticos “switching-platform” durante a fase protésica do 
tratamento con implantes, non induce a reabsorción ósea marxinal. Non obs-
tante, pode presentar unha influencia negativa na inserción conectiva bucal facén-
doa máis curta, especialmente nos biotipos finos. En calquera caso neste estudo, 
este efecto non supuxo maior reabsorción ósea.
Palabras Chave: conexión/desconexión pilar protésico; pilar protésico ma-
nipulación; anchura bilóxica; reabsorción ósea marxinal; comportamento marxinal 
da enxiva; pilar platform-switching 
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   INTRODUCTION
  I. BIOLOGY 
The process of osseointegration described by Branemark (Branemark et al. 
1969; 1977) and Schroeder (Schroeder et al. 1981) plays an integral role in dental 
rehabilitation. Since the first observation 40 years ago, osseointegrated titanium 
implants have been used predictably in the dental rehabilitation of partially and 
fully edentulous patients with equal success (Buser et al. 1990; 1997). Research and 
clinical focus in dental implantology in the last two decades has primarily concen-
trated on the bone-to-implant interface of osseointegrated implants. The soft 
tissue profile and seal around implants have been less investigated. This interest 
has been largely due to the fact that a successfully osseointegrated implant depends 
on anchorage in bone and requires a direct bone-to-implant interface to provide 
long-term support for a prosthesis.
    I.1 perIodontal soft tIssues
The gingiva is composed of two structurally different epithelia (junctional 
epithelium and oral epithelium) and the lamina propria. Stereological analysis of 
clinically healthy gingival units revealed that the tissue consists of 4% junctional 
epithelium, 27% oral epithelium and 69% connective tissue that includes a small 
inflammatory cell infiltrate occupying about 3-6% of the gingival volume (Schroeder 
et al. 1973). The oral epithelium is a keratinized, stratified squamous epithelium. 
The junctional epithelium, which is structurally different, is formed from the 
reduced enamel epithelium during tooth eruption and from dividing basal cells of 
the oral epithelium. The junctional epithelium forms a collar around the tooth and 
is about 2 mm high and 100 μm thick and is comprised of only two cell layers (a ba-
sal layer and a supra basal layer). The inner cells of the junctional epithelium form 
and maintain a tight seal against the tooth surface, which is called the epithelial 
attachment apparatus (Schroeder & Listgarten 1997). This attachment consists of 
hemidesmosomes at the plasma membrane of the DAT cells (directly attached to 
the tooth cells) and a basal lamina-like extra cellular matrix (Salonen et al. 1989). 
InTRODuCTIOn
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Several protective functions with antimicrobial properties exist in the junc-
tional epithelium: 
(i)   the internal and external basal laminas act as barriers against infective 
agents, 
(ii)   bacterial colonization on the outer epithelial surface is inhibited through 
rapid cell division and exfoliation, 
(iii)  wide intercellular spaces provide a pathway for GCF (gingival crevicular 
fluid) and transmigrating leukocytes (Löe & Karring 1969, Schiott & 
Löe 1970). 
The gingival lamina propria consists of about 60% collagen fibers, 5% fi-
broblasts and 35% vessels and nerves (Schroeder & Listgarten 1997). Most of the 
collagen fiber bundles are arranged in distinct directions and are classified as cir-
cular, dento-gingival, dento-periostal and trans-septal fiber groups (Feneis 1952, 
Page et al. 1974). This supra gingival fiber apparatus not only attaches the gingiva 
to the root cementum and to the alveolar bone but also provides the rigidity and 
resistance of the gingiva. The collagen fibers are mainly of collagen type I and III. 
Type I collagen is the dominating type and is found in dense fibers whereas type III 
collagen is detected in subepithelial and perivascular compartments. Fibroblasts 
are the dominating cell in the connective tissue and produce fibers and matrix. 
Mast cells, which are regularly present in the connective tissue, produce matrix 
components and vasoactive substances. Inflammatory cells, such as macrophag-
es, polymorphonuclear cells, lymphocytes and plasma cells are also present in the 
connective tissue but vary in numbers depending on the need for and degree of 
protective activity (Schroeder & Listgarten 1997). The gingival lamina propria is 
highly vascularized and the terminal blood vessels form 2 networks; the subepi-
thelial plexus under the oral epithelium and the dentogingival plexus along the 
junctional epithelium (Egelberg 1966).
    I.2 perI-Implant soft tIssues
The implant gingival tissue has been described in the literature (Goud et al. 
1981 and Cochran et al. 1994) similar to that of the dental gingival tissue because it 
forms a seal at the soft tissue interface, which is an important seal between the oral 
environment, the bone, and the implant surface. Thus, the integration of an implant 
needs the integration of all three types of tissue: bone, connective tissue, and epi-
thelium. Cochran et al. 1997 in a study utilizing nonsubmerged implants of animals, 
confirmed that a biological width that is physiologically equal in dimension to that of 
natural teeth should exist around implants. On the other hand, the biological zone of 
natural teeth was described (Gargiulo 1961) as a dental gingival junction consisting of 
a fibrous attachment anchored in the cementum and gingiva. This was described as a 
cuff of tissue that protects the understructure from damage. Even though an implant 
surface has no penetrating gingival fiber attachment, there is a proven proliferation 
of epithelial cells that adhere to that surface. It was confirmed that periodontal liga-
ment epithelial cells attached to titanium the same way as to the tooth structure in 
vivo (Gould et al. 1981). Because the majority of implant research focuses on the im-
plant-bone relationship, the implant gingival attachment has not been fully explored, 
and further research is needed. Although this attachment is slightly different from 
that of the periodontal architecture, it is most definitely subject to damages caused 
by bacterial microorganisms and its by-products, as in periodontal disease progres-
sion (Lang et al. 1990 and Salcetti et al. 1997). 
Additional factors, which are related to crestal, bone stability – tissue thickness 
with BW (biological width) formation and platform-switching modification will be 
discussed separately.
I.2.1 Attached Gingiva
Conflicting data exist in the literature concerning the need for adequate 
keratinized tissue around endosseous implants. A theory exists among clinicians 
and researchers that bacteria might seed from the natural tooth pocket to the im-
plant crevice and keratinized tissue. This seeding is critical in the partially edentu-
lous case, with seeding from tooth to implant sulcus. The only barrier to epithelial 
invagination nearing the crestal bone lies in the gingival tissue by means of the 
circular fibers in the supracrestal soft tissue. These circular fibers are only present 
in keratinized tissue. Wennstrom et al. 1994 and Mericske-Stem et al. 1994 docu-
mented that no adverse effects of implant survival occurred in implants that lack 
attached gingiva. On the other hand, Simon et al. 1993 presented a clinical case 
in which persistent inflammation and progressive recession involving the mucosa 
and implant was eliminated when a free gingival graft was used to augment the at-
tached gingiva. Silverstein et al. 1994 concluded that a tenacious seal was created 
around the implant abutment when adequate gingiva existed. He described this 
tightly adapted implant soft tissue seal as being essential to prevent the develop-
ment of peri-implantitis.
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I.2.2 Biological width (BW) around implants
Dental implants residing in the bone have to penetrate oral mucosa and enter 
the oral cavity environment in order to function as anchorage for some sort of pros-
thesis. Thus, a transmucosal connection between external surroundings and inner 
part of the human body is created. Bacterial invasion could threaten longevity of im-
plants, therefore some sort of soft tissue barrier, protecting implant-bone interface is 
mandatory (Lang et al. 1990 and Salcetti et al. 1997). This soft tissue seal is critical and 
contributes to generation of biologic width (BW), which prevents oral microorganism 
and their products from reaching the body. The glossary of oral and maxillofacial 
implants states that BW around implants can be described as a unity of junctional 
epithelium and connective tissue, facing the surface of implant and/or abutment. It 
is very similar to definition of BW around teeth, which states that it is composed of 
junctional epithelium and connective tissue parts, attaching to tooth surface (Fig.1). 
The biologic explanation for the development of BW is that when bone is exposed to 
oral environment, it covers itself with periosteum, connective tissue and epithelium. 
1 mm sulcus
1 mm epithelial 
attachement
1 mm connective 
tissue
 Fig.1 Around natural teeth, the biologic width has been shown to consist of approximately 1mm of connec-
tive tissue, 1mm of epithelium, and 1mm or more of sulcular depth. (Adapted Makigusa 2009)
Listgarten et al. 1991 in a review article stated that BW around implants con-
sists of three distinct zones: sulcular epithelium, junctional epithelium and connec-
tive tissue. Berglundh et al. 1991 investigated peri-implant tissue in a dog model 
and were the first to list the exact measurements of peri-implant tissues: epithelial 
attachment (peri-implant sulcus and junctional epithelium) 2.14 mm and connective 
tissue 1.66 mm, that makes BW to be 3.80 mm high. 
Components of the BW around implants can be discussed separately:
(1) peri-implant sulcus epithelium, 
(2) junctional epithelium,
(3) connective tissue zone. 
The schematic composition of BW around implants can be seen in Figures 
2 and 3. As in the natural dentition, the sulcular epithelium around implants resem-
bles a non-keratinized extension of the oral epithelium. It extends from the crest 
of the marginal peri-implant mucosa to the most coronal level of the junctional 
epithelium (Listgarten et al. 1991; Weber et al. 1998). Histologically, sulcus depth 
around implants is about 0.5 mm (Hermann et al. 2000). Clinical peri-implant sulcus 
depth is determined with a periodontal probe and is deeper, than histologically 
measured sulcus, because the probe often penetrates the delicate epithelial lining 
or even connective tissue (Ericsson et al. 1993). On the average, clinical peri-im-
plant tissue probing depth is about 3 mm and is considered significantly deeper 
than same parameter around teeth (Atassi 2002). It is thought that due to absence 
of fiber insertion into implant surface, the probe tends to penetrate deeper into 
tissues, even the probing force being the same, as around teeth. In comparison 
histological sulcus depth around teeth was reported by Gargulio et al. 1961b to be 
0.69 mm and 1.34 mm by Vacek et al. 1994. Pocket epithelium can be considered as 
the first barrier for bacteria invasion to deeper tissues.
 Fig.2 a ,b, c The biological width of the dentogingival junction in (a) teeth and (b) around implants typical of 
the Branemark system, and (c) the non-submerged ITI implant system. S = sulcus which is approximately 0.5 to 
1 mm deep; Je = junctional epithelium which is about 1.5 to 2 mm in apico-coronal width; CT = Connective 
tissue zone (1 to 2 mm in width) in which the fibers are attached to root cementum in teeth but run parallel to 
the implant surface; A = abutment – The abutment to implant junction is situated beneath the soft tissue in 
the Branemark® system; C = smooth transmucosal collar of the Straumann® system (adapted from Richard 
Palmer. dental implants: Teeth and implants (1999) British Dental Journal 187, 183 – 188 Published online: 
28 August 1999)
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 Fig.3 The composition of biological width around implants. Sulcus depth (Sd) – distance from peri-implant 
mucosa margin (PM) to the most coronal point of junctional epithelium (cJe). Junctional epithelium (Je) – dis-
tance from cJe to most apical point of the junctional epithelium (aJe). Connective tissue zone (CT) – distance 
from aJe to the first bone to implant contact (BC).
The junctional epithelium is attached to the implant surface via hemidesmo-
some-like structures and begins at the base of peri-implant sulcus and ends with 
the first fibers of the connective tissue zone (James et al. 1974). Junctional epithe-
lium facing the implant or abutment surface is thin (mean width about 0.04 mm) 
and is composed of only few rows of cells (stratum basale and stratum granulosum) 
in its most apical portion (Abrahamsson et al. 1996). Connective tissue immediate 
lateral to junctional epithelium has a number of vascular vessels, but in comparison 
with teeth, vessels are of smaller diameter and sparser (Berglundh et al. 1994). This 
is the reason why disconnection of abutment, which occurs during prosthetic treat-
ment, may disrupt junctional epithelium from immediate lateral connective tissue, 
denude it and cause bleeding from connective tissue blood vessels. In contrast to 
periodontium, it was reported that connective tissue central part is poorly vascular-
ized, some portions completely devoid of vascular structures. This partly explains 
more extensive progression of plaque-associated inflammation that occurred in the 
peri-implant mucosa than in mucosal tissues, as collateral circulation in peri-im-
plant tissues is absent. The apical extension of junctional epithelium was reported 
to vary, but on the average is about 2 mm (Klokkevold et al. 2000). In contrast the 
length of junctional epithelium around teeth was calculated to be about 1 mm. 
However it should be noted that around teeth significant variations of epithelial 
attachment extent were observed, ranging from 1.0 to 9.0 mm. The attachment of 
junctional epithelium to the implant/abutment surface appears to be a barrier for 
the internal peri-implant tissues against oral environment, protecting the underlying 
bone around osseointegrated implant (Kawahara et al. 1998a; 1998b). Connective 
tissue zone is situated between apical termination of junctional epithelium and al-
veolar bone. Berglundh termed it “connective tissue integration” (Berglundh et al. 
1991). Peri-implant connective tissue is characterized by low density of cells and 
blood vessels, but rich with collagen fibers and abundant fibroblasts. Morphometric 
measurements have shown that this tissue is comprised of 80 % of collagen, 13% of 
fibroblasts, 3 % of blood vessels and 3 % of residual tissue. This composition makes 
it very similar to scar-like tissue (Moon et al. 1999). The distribution of connective 
tissue components is not equal through out the peri-implant mucosa. Buser et al. 
1992 observed the direct connective tissue contact to implant surface was 50 to 
100 μm wide and contained dense circular fibers without blood vessels. Lateral 
to this area there was a less dense connective tissue with horizontal and vertical 
collagen fibers and numerous blood vessels. Moon et al. 1999 divided connective 
tissue, into 2 zones: the inner zone (0-40 μm), that has relatively more fibroblasts 
and no blood vessels and outer zone (40–200μm), that was filled with collagen and 
substantial number of vascular structures. These two researches show that there 
are no vascular units in connective tissue zone in contact with implant or abutment. 
Schierano et al. 2002 investigated the direction of collagen fibers and found that 
circular direction was dominant around the abutment and implant. Fibers start from 
marginal bone crest, come close to implant surface and align themselves parallel 
with the junctional epithelium. The alignment of the collagen fibers suggests that 
the connective tissue may function as a support for junctional epithelium. Connec-
tive tissue does not attach to the implant, only contacts it, which is in contrast to 
connective tissue around teeth, where fibers (Sharpey fibers) invest at an oblique 
angle in cementum (Comut et al. 1991) (Fig.4a and 4b). 
   
 Fig.4a Connective tissue around teeth, where fibers (Sharpey fibers) invest at an oblique angle in cementum; 
  Fig.4b Collagen fibers start from marginal bone crest, come close to implant surface and align themselves 
parallel with the junctional epithelium. (Adapted Makigusa 2009)
This may mean that connective tissue zone plays a smaller role in protection 
of bone around osseointegrated implant. As no cementum or fiber insertion is re-
ported on the surface of titanium perimucosal abutments, an epithelial perimucosal 
seal could provide the only barrier against pathologic insults to deeper tissues. The 
absence of direct insertion of connective tissue fibers into implant surface and their 
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parallel orientation to the long axis of the implant may be the reason that there is 
less resistance to probing in comparison to teeth as probing depths are significant-
ly deeper around implants (Schou et al. 2002). The connective tissue contacts the 
titanium implant or abutment, but this interaction does not induce apical migration 
of the epithelium. Rompen et al. 2007 assumed that this contact would be better 
described as adhesion (Guy et al.1993; Rompen et al. 2007). It is suggested that 
the adhesion is sufficiently tight to preclude epithelial down-growth, which could 
induce bone resorption (Listegarten et al. 1991). Another hypothesis explaining the 
limitation of apical epithelial migration can be found in periodontal wound healing 
studies. It has been shown that epithelial migration will continue along the root 
surface as long as there are no attached collagen fibers on the root surface. Apical 
migration of the epithelium ceases as soon as such fibers are encountered (Listeg-
arten et al. 1991). Similar mechanisms may be considered to be applied to peri-im-
plant tissues. The extension of connective tissue zone varies in different studies, but 
on average is about 1-1.5 mm in length (Karoussis et al. 2007), which seems to be 
constant value at healthy implant sites. The stability of this parameter is similar to 
teeth, where connective tissue attachment was found to be a fairly consistent meas-
urement. Furthermore according to Berglundh et al. 1991, experimental model, the 
collagen content of the peri-implant mucosa is higher, while the fibroblast density is 
much lower when compared to the gingival tissue. Another important observation 
was that all gingival and peri-implant units examined were free from infiltrates of 
inflammatory cells. It was suggested that under the conditions of that study, both 
types of soft tissues, the gingiva and the peri-implant mucosa, present a proper 
potential to prevent subgingival plaque formation. Buser et al. 1992 investigated 
the soft tissue dimensions around three different titanium surfaces, a rough sur-
face, a sandblasted surface and a polished surface. No significant difference con-
cerning soft tissue reactions were found between the three implant surfaces. The soft 
tissue barrier was composed by a sulcus with a non-keratinized sulcular epithelium, 
a junctional epithelium, and a supracrestal connective tissue with an area of dense 
circular fibers near to the implant surface. Circular fibers were found in the inner 
zone of connective tissue, next to the titanium surface; in the outer layer, horizontal 
and vertical fibers were found: these fibers were running from the periosteum and 
the alveolar crest towards the oral epithelium. Authors reported that the orienta-
tion of the fibers differs in rough and smooth surfaces: smooth surfaces revealed an 
orientation of fibers parallel to the implant surface, while porous-coated surfaces 
promoted the formation of perpendicular fibers. The presence of these fibers has 
been confirmed in a more recent study of Shioya et al. 2009. The overall tissue was 
described as “an inflammation free scar tissue”. The zone of dense collagen fibers 
was surrounded by a looser connective tissue with a 3 – dimensional network of col-
lagen fibers running in different directions. Some authors have stressed the hypoth-
esis of a connective tissue attachment to the implant surface. Few experiments and 
human biopsies have demonstrated collagen fiber bundles functionally orientated 
and running in different directions (Schwarz et al. 2007; Nevins et al. 2008).
In summary, it can be said that in total BW around implants is about 4 mm 
wide and is longer when compared to BW around teeth. Gargulio et al. 1961a found 
the dimension of BW around teeth to be 2.73 mm and Vacek et al. 1994 – 3.25 mm, 
respectively. Although there are morphometric differences between BW around 
teeth and implants, the constant factors of connective tissue apical extension may 
be significant similarity in the maintenance of the integrity of the internal tissue 
structures. Human histology studies are in agreement with the outcome of animal 
experiments, listing the same component parts of the biological dimension (Arvid-
son et al. 1996; Fartash et al. 1990; Liljenberg et al. 1996). Some results of dog stud-
ies indicate that the parameters of BW are very similar around one-piece and two-
piece implants. Other authors (Hermann et al. 2000) suggest that the gingival 
margin (GM) is located more coronally and Biologic Width (BW) dimensions are 
more similar to natural teeth around one-piece nonsubmerged implants compared 
to either two-piece nonsubmerged or two-piece submerged implants. Submerged 
and non-submerged implants, as studied by Weber et al. 1996, Ericsson et al. 1996, 
Abrahammson et al. 1999, had a very similar soft tissue length; therefore, it can be 
concluded that surgical techniques do not influence formation, composition or ex-
tension of BW. It seems that conventional or immediate loading of implants does 
not influence the parameters of peri-implant seal, as it was observed in compara-
tive studies with unloaded implants (Siar et al. 2003). Only the position of implant/
abutment interface (microgap) to bone level proved to affect the vertical extension 
of BW – the deeper implant is placed, the longer biological dimension is formed 
(Todescan et al. 2002). It was shown that type implant-abutment connection could 
significantly influence the parameters of peri-implant tissue seal. Tenenbaum et al. 
2003 inspected histological structure of implants with platform-switching and found 
longer extension of connective tissue zone (2.01 mm to 3.62 mm) and shorter length 
of junctional epithelium. It is suggested that limitation of epithelium downgrouth is 
associated with less bone loss. In a human histological study the length of the 
peri-implant seal was found to be about 4-4.5 mm. In contrast, Liljenberg et al. 1996 
reported the same measurement to be 1.57 mm. However, the authors of the latter 
experiment admitted that such results might have occurred due to improper biopsy 
harvesting. The mean extension of BW around implants in primate studies was re-
corded to be 3.84 mm. In histological dog studies this distance was calculated to 
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be around 4 mm (Berglundh et al. 1996). As compared to BW around teeth, the 
same parameter around implants was longer nearly by the factor of 1.5 mm. It is 
evident that the peri-implant seal around implants tends to be longer, than around 
teeth. However, the clinical importance of this difference is unknown. Clinical study 
by Kan et al. 2003 recorded most extension of BW around implants 6.17 mm at me-
sial and 5.93 mm at distal sites of implants. These results were obtained by probing 
to bone level and may have been influenced by the emergence profile of the crowns 
on implants. Additionally, proximal sites frequently show deeper probing depths 
due to position of the bone crest. However, the mid-facial measurement was record-
ed to be 3.63 mm, which is very close to the width observed in animal and human 
histology studies. The function of peri-implant soft tissues as a unit is thought to be 
the protection of bone around the osseointegrated implant. The proceedings of 
the 3rd European Workshop on Periodontology and Implant Dentistry state that 
the function of the peri-implant seal is “to maintain homeostasis of the internal en-
vironment in response to challenges from external environment”. It was demon-
strated in experiment with dogs that plaque formation resulted in reaction of 
peri-implant mucosa and establishment of infiltrate of inflammatory cells in connec-
tive tissue lateral to pocket and junctional epithelium (Abrahamsson et al. 1998). 
Similar results were obtained in experiments, where peri-implant mucositis was 
caused in humans (Pontoriero et al. 1994; zitzmann et al. 2001). The area of infiltrate 
and also the apical extent seems to be dependent on the period of plaque accu-
mulation. The vertical extension of infiltrate was reported to be longer after 5 
months of undisturbed plaque accumulation in comparison to its size after 3 weeks 
or 3 months of plaque accumulation. The apical extension of this infiltrate was 
consistently within the dimension of the junctional epithelium (Abrahamsson et al. 
1998; Berglundh et al. 1992; Ericsson et al. 1992). The composition of infiltrate in 
comparison to healthy tissue shows significant decrease of collagen fibers and in-
crease of vascular units, leukocytes and residual tissue. Morphometric measure-
ments show, that in comparison to healthy condition, inflamed peri-implant sulcus 
epithelium exhibited areas of ulceration, had rete peg formations and contained 
numerous polymorphonuclear granulocytes, macrophages and leukocytes (Ber-
glundh et al. 1992). Animal and human histology studies show that there is an in-
crease of inflammatory cell migration through junctional epithelium, in response to 
bacterial presence (Bullon et al. 2004; Sanz et al. 1991). These findings support the 
idea that junctional epithelium of BW around implants serves as a protective 
mechanism against bacterial invasion. Lindhe et al. 1992, in an experiment with 
dogs, put silk ligatures submarginally around the implant to damage junctional ep-
ithelium attachment and to open deeper peri-implant tissues for plaque forma-
tion. Within 4 months, about 3 mm of bone height was lost. Marinello et al. 1995 
in a similar study with dogs reported the loss of 25% of the original bone height. 
Other animal studies, which experimentally induced peri-implantitis, may be anoth-
er argument that junctional epithelium attachment protects bone. Mechanical 
damage of junctional epithelium by means of submucosal ligature placement re-
sulted in the loss of protective abilities and constant bone loss around implants 
(Schou et al. 1993a; 1993b; 2003a; 2003b; 2003c; 2003d; Shibli et al. 2003a; 2003b 
zechner et al. 2004). In contrast Berglundh et al. 1992 enhanced plaque formation 
for 3 weeks without disruption of junctional epithelium and observed soft tissue 
inflammation, but no bone loss. A zone of normal connective tissue consistently 
separated the inflammatory lesion from the marginal bone. Furthermore, Ericsson 
et al. 1992 inspected peri-implant tissues after uninterrupted plaque build-up for 3 
months, Abrahamson et al. 1998 after 5 months and Ericsson et al. 1995 after 9 
months. Interesting results aroused from Watzak et al. 2006 experiment, as implants 
were subjected for 1.5 year continuous plaque accumulation without hygienic con-
trol. Histological analysis did not show an increased bone loss around plaque-con-
taminated implants. The results of all four studies showed that plaque accumula-
tion caused inflammation of peri-implant soft tissues, but no bone resorption was 
noted. Stable bone level around osseointegrated implant can be maintained even 
under the onset of plaque-induced inflammation if components of BW are not me-
chanically damaged. zitzmann et al. 2004 combined both research models men-
tioned above (disruption of the junctional epithelium with ligatures and assessment 
of the effects of plaque accumulation without junctional epithelium disruption) in 
one study. In the first part of an experiment plaque accumulation was enhanced by 
submarginal ligature placement. Mechanical separation of the attachment between 
the mucosa and the implant, and the build-up of plaque in this submarginal loca-
tion initiated an inflammatory reaction that involved not only the mucosa but also 
the peri-implant bone. Thus, in the interval of 2 months about 2.5 – 3 mm of the 
marginal bone was lost. After the removal of the ligature and allowing a healing 
period of 3 months, most of the lesions caused by the ligature induced inflamma-
tion were separated from the bone by a collagen-rich connective tissue and no 
further bone loss occurred. Only isolated osteoclasts could be found on the surface 
of the marginal bone. One of the functions of the connective tissue zone is to sup-
port epithelial tissues and limit its migration apically. The dominance of Type I col-
lagen fibers (strong and inelastic) in connective tissues confirms their supportive 
role. However, it must be pointed out that in Chavier & Coubles 1999 study, biop-
sies were taken from keratinized mucosa and may differ from that of non-kerati-
nized peri-implant mucosa. Formation of soft tissue seal around implants was shown 
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to be a complex process, which lasts about 6 weeks. It starts immediately after the 
placement of a non-submerged implant as mucosal tissues are sutured. If a two-
stage procedure is applied, the structuring of BW begins with the connection of 
healing abutment during the second stage surgery. At that time, the implant be-
comes exposed to adverse oral environment; therefore, a particular protective 
mechanism has to be organized to avoid direct contact of the bone with other oral 
tissues. Epithelial proliferation with further attachment, followed by collagen fiber 
organization results in the establishment of stable dimension of about 4 mm in ver-
tical extension, responsible for protection of alveolar bone around osseointegrated 
implants. Morphogenesis of peri-implant tissues was described in vast dimension 
animal study, which involved 160 implants and 20 Labrador dogs (Berglundh et al. 
2007). Implants were placed in nonsubmerged installation technique. The animals 
were sacrificed and biopsies obtained at various intervals to provide healing peri-
ods from 2 hours till 8 weeks. Such study design allowed to track whole process of 
peri-implant mucosa formation. Immediately after surgery a coagulum occupied 
the space between the mucosa and the implant. Within week of healing, the blood 
cloth was infiltrated by neutrophils and an initial mucosal seal was established by 
dense fibrin network. This provisional seal persisted at 1 week of healing. The tissue 
in the apical part of the mucosal interface at 1 week was dominated by collagen 
and fibroblasts. At 2 weeks after surgery, the peri-implant mucosa adhered to the 
implant surface by a connective tissue that was rich in cells and vascular structures. 
In the crestal portion of the tissue, proliferation of epithelium had occurred and the 
first signs of a barrier (junctional) epithelium were observed. Bone remodeling was 
intense at this phase of healing and the marginal level of bone to implant contact 
was located at a more apical position than at 1 week of healing. At 4 weeks of heal-
ing barrier epithelium had formed and occupied almost half of the mucosal inter-
face to titanium. The connective tissue was well organized and contained large 
portions of collagen and fibroblasts. Tissue maturation and collagen fiber organiza-
tion was evident from 6 to 12 weeks of healing, and the formation of barrier epithe-
lium was completed between 6 and 8 weeks. A dense layer of elongated fibroblasts 
formed the connective tissue interface to titanium. In connective tissue compart-
ments lateral to the implant interface, few vascular structures were found. Fibro-
blasts were interposed between thin collagen fibers, the direction of which was 
mainly parallel to the implant surface. It is very important to mention that from a 
dimensional point of view, the biologic width increased during the healing period 
(mainly between 1 and 2 weeks) from 3.1 to 3.5 mm. Barrier epithelium extended to 
a position about 0.5 mm apical to the mucosal margin, while at 4 weeks the dis-
tance was 1.42 mm. At the end of the study (6-12 weeks), the barrier epithelium 
varied between 1.7 and 2.1 mm. These findings corroborated previous clinical 
results from a longitudinal study (Bengazi et al. 1996). Authors evaluated the alter-
ations in the position of the peri-implant soft tissue margin, during a 2-year period 
follow-up. One hundred and sixty-three Brånemark implants were inserted into 41 
patients that were periodontaly evaluated and re-examined after 6 months, 1 and 2 
years. The results indicated an apical displacement of the soft tissue margin that 
mainly occurred during the first 6 months of observation. Lingual sites in the man-
dible showed the most pronounced soft tissue recession, decrease of probing 
depth, and decrease of width of masticatory mucosa. Authors suggested that the 
recession of the peri-implant soft tissue margin could be the result of the re-mode-
ling of the soft tissue in order to establish the “appropriate biological dimensions” 
of the peri-implant soft tissue barrier. 
In conclusion, mucosal tissues take part in peri-implant seal formation; there-
fore the composition and features of mucosa must be important to study.
I.2.2 Factors that may influence peri-implant biologic width:
The influence of dental implants on the surrounding soft and hard tissue is cru-
cial in defining the implant’s functional and esthetics success. The dimensions of BW 
between teeth and implants are similar being approximately 2 mm of epithelial tissue 
and 1-1,5 mm of connective tissue (Berglundh et al. 1991; Abrahamsson et al. 1996). 
The establishment of BW can be affected by the gingival biotype, surgical technique, 
loading, microgap, the implant position, infection/inflammation, platform-switching 
concept, immediate implants, flap vs. flapless and abutment manipulation. 
 a) Gingival biotype
Historically, two types of mucosal phenotype are distinguished: 
1. Thin, which is described as prone to recession with sharp papillae; 
2. Thick, generally stable with blunt interdental tissue.
However, there is some controversy in literature about what kind of soft 
tissue thickness could be referred to as thin or thick. Muller at al. 2002 reported that 
about 80% of all examined soft tissues are of mixed pattern, which cannot be strictly 
attributed to thin or thick biotype. Differences in width and thickness of gingiva in 
particular and thickness of masticatory mucosa in general are largely genetically 
determined and appear to be strongly associated with periodontal characteristics. 
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Subjects with a narrow band of thin gingiva, clearly more vulnerable to traumatic 
injury, tended to suffer from more mucosal recession than subjects with thicker 
keratinized tissue. Conceivably, a close mutual interrelationship exists between 
mucosal dimensions and thickness of the underlying alveolar bone. Thick mastica-
tory mucosa in combination with thick alveolar bone may lead to a higher frequen-
cy of periodontal and, in particular, infrabony pockets, whereas a thin phenotype 
may lead to more mucosal recession. However, it must be noticed that usually facial 
or palatial/lingual tissue set was investigated for the determination of periodontal 
biotype. Mucosal tissue at the top of the edentulous alveolar crest usually remained 
out of the scope of authors’ interest. Mucosal tissue covering edentulous alveolar 
ridge was shown to be composed of oral epithelium, connective tissue and peri-
osteum. The oral epithelium is a keratinized, stratified and squamous epithelium, 
which can be divided into following cell layers:
(1) basal layer; 
(2) prickle cell layer; 
(3) granular cell layer;
(4) keratinized cell layer. 
The function of oral epithelium is the protection of inner layers of mucosa 
from contaminated oral environment. Predominant tissue component of the gingiva 
is the connective tissue (lamina propria). It consists of 2 layers: 
(1)  a papillary layer subjacent to the epithelium, which consists of papillary 
projections between the epithelial rete pegs;
(2) a recticular layer contiguous with the periosteum of the alveolar bone. 
Connective tissue in composed of collagen fibers, fibroblasts, vessels and 
nerves (Lindhe et al. 2008b). This part of oral tissues is known to be transformed to 
peri-implant tissues after placement of dental implants. Consequently, its feature, 
like thickness is shown to be very important in this process. There are 2 articles 
presenting animal histology were the peri-implant mucosa thickness influence on 
the satiability of the BW was analyzed and the conclusions seem to indicate that 
peri-implant mucosas < 2 mm thick can represent a risk for bone resorption and 
angular defects around implants (Table 1). 
  Table 1 Included studies describing influence of mucosa thickness on the stability of BW. (Adapted from 
Tomas Linkevicius, Peteris Apse Stomatologija, Baltic dental and Maxillofacial Journal, 10:27-35, 2008). 
In another dog model study (Blanco et al. 2010a) analyzing the Biological Width 
following immediate implant placement in the dog: flap versus flapless surgery the 
authors found that the clinical evaluation of immediate implant placement after 3 
months of healing indicated that buccal soft tissue retraction was lower in the flap-
less group than in flap group, without statistically significant differences. The mean 
values of biological width longitudinal dimension at the buccal aspect, were higher 
in the flap group than in the flapless group, being this difference mostly due to the 
Pm3, probably because a thinner biotype in this region (table 2).
  Table 2 Results of the histomorphometric measurements concerning biological width (BW) in flap and flapless 
groups for anterior (Pm3) and posterior implants (Pm4) (Blanco et al. 2010a).
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The animal experiment by Berglundh et al. 2008 has proved that bone loss could be 
induced by inadequate soft tissue thickness. However, it would be very important 
to find similar relationship in clinical reality, as animal studies do not complete-
ly reflect processes proceeding in humans. Equally, more precise study protocol 
would be required to test the influence of mucosal tissue on crestal bone stability, 
as tissues were surgically thinned in previous experiment. Additionally, there is lack 
of information what kind of mucosal tissue at the edentulous ridges can be classi-
fied as thin, medium or thick. Linkevicius et al. 2009 concluded from a 1-year pro-
spective controlled clinical trial that initial gingival tissue thickness at the crest may 
be considered as a significant influence on marginal bone stability around implants. 
If the tissue thickness was 2.0 mm or less, crestal bone los up to 1.45 mm might 
occur, despite a supracrestal position of the implant-abutment interface.
b) Surgical Technique
Abrahamsson et al. 1996 evaluated the influence of the surgical protocol 
(i.e. one-stage versus two-stage) on the soft tissue healing around 3 different im-
plant systems (Astra Tech Implants, Bränemark and Bonefit-ITI). The histological 
results demonstrated similar dimension and composition of the epithelial and con-
nective tissue components. Ericsson et al. 1996 found similar soft tissue adapta-
tion and proper osseointegration in Brånemark implants installed according to a 
1-stage or to a 2-stage surgical procedure. These findings were further confirmed 
by Hermann et al. 2000 who compared nonleaded implants with loaded implants 
(Straumann® Implant System) at different time intervals (3-12 months) and accord-
ing to a submerged or non-submerged healing. The study demonstrated that the 
dimension of the biological width around non-submerged, one-piece titanium 
dental implants was not different whether the implants were unloaded or loaded 
for a period of 1 year. Nevertheless differences were observed in the dimensions of 
the components of the biological width (sulcus depth, epithelial junction and con-
nective tissue) at the three different healing intervals. Histometric measurements 
demonstrated that although the biologic width dimension remained constant over 
the 15-month healing period, a decrease of the sulcus depth and connective tissue 
contact were observed whereas an increase of the junctional epithelium occurred. 
Thereafter data from different authors support the conclusion that a similar soft 
tissue dimensions is established regardless the use of a submerged or a nonsub-
merged installation technique.
c) Loading
The influence of loading on soft tissue healing around implants was one of the 
topics most frequently investigated. Cochran et al. 1997 evaluated the dimension of 
the implanto-gingival junction around non submerged loaded and not loaded im-
plants testing two different surfaces (SLA and TPS) at 3 and 12 months after implant 
placement At 3 months, the dimension of the constituents of the biological width in 
the unloaded group were 0.49mm for the sulcus depth (Sd), 1.16 mm for the junc-
tional epithelium (JE), and 1.36 mm for the connective tissue component (CTC). The 
corresponding measurements in the loaded group were 0.50 mm for Sd, 1.44 mm for 
JE, and 1.01 mm for CTC for the loaded group. Results were similar after 12 months 
of loading, confirming that the biological width around implants resembles the one 
present around teeth and that the dimension of its constituents are independent 
from the loading variable. Siar found similar results comparing immediate versus de-
layed implant loading (Siar et al. 2003). The overall mean value of the biologic width 
was 3.9 mm in the immediate group and 3.8 mm in the delayed group. They conclud-
ed that no statistical differences were observed in the dimensions and compositions 
between the two groups. In a review of Glauser, it was concluded that, on the basis of 
the few available data, “once immediately loaded or loaded and restored implants 
integrate successfully, they appear to show a soft-tissue reaction with regard to per-
iodontal as well as morphologic aspects comparable with those of conventionally 
loaded implants” (Glauser et al. 2006). The effect of the loading did not demonstrate 
any influence on the soft tissue healing. In a recent dog model study by Blanco et al. 
2011 the authors concluded that soft tissues dimensions around immediate implants 
with immediate loading were similar to immediate implants without loading.
d) Titanium surfaces and abutment materials
The reaction of cells and tissues to implanted foreign bodies depends on 
the material’s properties and its behavior upon contact with the body fluids. Buser 
et al. 1992 developed a study where 24 implants in 6 dogs were placed and ana-
lyzed 3 months after. The implants differed in their crestal area by having either a 
rough sandblasted, a fine sandblasted, or a polished surface. The authors found 
no significant differences concerning soft tissue reactions were found between the 
3 implant surfaces. In particular, the length of direct connective tissue contact was 
similar. Concerning bone reactions, a significantly shorter distance from the top 
of the implant to the most coronal bone-implant contact was observed for rough 
surfaces. Abrahamsson et al. demonstrated that surface characteristics (smooth vs. 
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rough titanium surfaces) do not influence the biological width dimension (3i Im-
plant System) (Abrahamsson et al. 2002). More recently, new titanium surfaces have 
been indicated to determine a better quality of peri-implant soft tissues relation-
ship (Rossi et al. 2008) (Straumann® Implant System). Glauser et al. 2005 demonstrated 
in a histological study that the dimension of the biologic width (range 4 - 4.5 mm) 
in humans are similar to values found on animal models and that the soft tissue 
formed to oxidized and acid etched implants showed a minor epithelial down-
growth and longer connective tissue seal when compared to machined implants. In 
two different works, it has been demonstrated that abutment materials influenced 
the histological outcome on biologic width dimensions and in particular, titanium 
and zirconia abutments seemed to produce better histological results than gold 
and platinum abutments (Welander et al. 2008; Abrahamsson et al. 1998). Never-
theless, these findings were not consistent with a later study from the same group 
(Abrahamsson & Cardaropoli, 2007) that reported that the peri-implant soft tissue 
dimensions were not influenced by the use of titanium or gold alloy in the marginal 
zone of the implant. Kohal et al. 2004 further investigated the influence of zirconia 
and titanium abutments on soft tissue healing and demonstrated no significant 
differences. In a review article by Rompen et al. 2006 it was concluded that titanium 
was the only material that demonstrated soft tissue biocompatibility; zirconium and 
aluminum oxide showed favorable histological outcomes whereas dental porcelain 
and gold were less biocompatible and it was suggested to avoid them.
e) Implant structure and position
Implant structure may differ between various implant systems: one piece im-
plants present a transmucosal part in continuity with the endosseous part, whereas 
two piece implants present an interface between the implant (endosseous compo-
nent) and the abutment (transmucosal component), resulting in a microgap between 
the two components. Abrahamsson et al. 1996 evaluated the influence of three dif-
ferent implant systems on the biological width (Astra Tech Implants, Bränemark and 
Bonefit-ITI) in Beagle dogs. The authors compared a one-piece implant (Bonefit) vs 
two-piece implants (Astra Techand Bränemark). The histological results demonstrated 
similar dimension and composition of the epithelial and connective tissue compo-
nents at the end of the study. Abrahamsson et al. 1997 further investigated the influ-
ence of the abutment dis/reconnection on the marginal peri-implant tissues (Bräne-
mark System). The authors observed that abutment manipulation compromised the 
mucosal barrier and induced an apical migration of the connective tissue. Thus, while 
normal proportions and dimensions of the hard and soft tissues were observed in 
the control group, at test sites the abutment manipulation resulted in a mechanical 
injury to the soft tissue barrier that had to reestablish more apically, causing a margin-
al bone resorption (1.5 mm). In contrast, a single abutment reconnection proved to 
induce no marginal bone remodeling (Astra Tech Implant System) resulting in a trans-
mucosal attachment of adequate quality and dimensions (Abrahamsson et al. 2003). 
Hermann et al. further tested the hypothesis of a different biologic width between 
1-piece and 2-piece implants (Hermann et al. 2001). Authors reported that dimensions 
of the peri-implant soft tissues, as evaluated by histometric measurements, were sig-
nificantly influenced by the presence/absence of a microgap (interface) between the 
implant and the abutment, and the location of microgap (interface) in relation to the 
crest of the bone. Hermann et al. 1997 evaluated in an animal study (5 dogs, 59 Strau-
mann® Implants) six different clinical situations: nonsubmerged one-piece implants 
with rough-smooth border placed at bone crest (group A), non-submerged onepiece 
implants with rough-smooth border placed 1 mm below crest (group B), non-sub-
merged two-piece implants with a microgap placed at bone crest (group C), sub-
merged two-piece implants with microgap placed at bone crest (group D), twopiece 
implants with the microgap placed above the bone crest (group E), two-piece im-
plants with the microgap placed below the bone crest (group F). Authors concluded 
that one-piece, nonsubmerged implants with a rough/smooth border placed at the 
alveolar crest (group A) presented the smallest value of soft tissues dimension at the 
end of the study. The apical displacement of the rough/smooth border of the implant 
(type B) resulted in a wider biologic width (average increase of 0.73 mm). This change 
occurred through both an increase of the junctional epithelium (average 0.41 mm) 
and of connective tissue dimension (average 0.34 mm). Furthermore, the authors ob-
served the negative influence of the microgap on the histological outcome evidenced 
by higher soft tissues dimensions as well as an increase in bone resorption. Authors 
speculated that this finding was probably due to bacterial colonization as indicated 
by previous reports (Persson et al. 1996; Quirynen et al. 1993), or to abutment micro-
movements (King et al. 2002). Todescan et al. 2002 investigated the influence of the 
implant shoulder position on the soft tissue healing. The authors placed 24 implants 
(Brånemark System) in the mongrel dog and divided the implants into three groups: 
group 1, implants remained 1 mm above the bone crest, group 2, the implant shoul-
der was placed at the level of the bone crest and group 3, implants remained 1 mm 
below the bone crest. In group 2 and 3, a countersink bur was used. The junctional 
epithelium showed a mean value of 1.67 mm in group 1, 1.93 mm in group 2 and 2.78 
mm in group 3. The corresponding values for the band of connective tissue were 1.13 
mm, 0.92 mm and 1.60 mm, respectively. Differences between the groups were not 
statistically different, except for group 2 versus group 3. The authors demonstrated a 
InTRODuCTIOnInTRODuCTIOn
PhD THESIS Célia Coutinho alvesPhD THESIS Célia Coutinho alves
Marginal bone and soft tissue behavior following platform switching abutment connection/ 
disconnection – a dog model study42
Marginal bone and soft tissue behavior following platform switching abutment connection/ 
disconnection – a dog model study 43
tendency towards longer junctional epithelium and connective tissue component the 
deeper the implants were placed. Pontes reported in a study in the mongrel dogs on 
2-piece implants (Conexao System) positioned at bone level, 1 and 2 mm below the 
bone crest (Pontes et al. 2008). Implants were further divided in two groups: immedi-
ate loading (24 hours, non occlusal contact) and conventional loading (30 days after 
second stage surgery). Animals were sacrificed for histological analysis after 3 months 
of non-submerged healing. Findings from this study are partially consistent with 
Todescan et al. 2002 demonstrating a tendency towards a longer connective tissue 
component the deeper the position of the implant, whereas the length of the junc-
tional epithelium resulted to be independent of the implant position. In conclusion, 
the type of implant (i.e. one- or two-piece implants) and the surgical procedure (i.e. 
one- or two stage surgical protocol) do no influence the dimensions and composition 
of the biological width. Nevertheless, limited data are available on the influence of 
the position of the implant shoulder in relation to the bone crest. It may be suggested 
that the deeper the implant shoulder position the longer the biological width. The 
clinical consequences of such histological findings are still unknown.
f) Platform-switching
Recently, Lazzara and Porter introduced the platform-switching technique 
represented by a non-matching implant/abutment interface (Lazzara & Porter, 
2006). They elaborated the concept on the basis of a 13 years follow-up case series. 
Implants that presented non-matching abutments (i.e. the implant platform was 
wider than the abutment) showed limited marginal bone resorption when com-
pared with normal implants covered by matching abutments. Authors speculated 
that the soft tissue healing around a non-matching abutment might exploit a hori-
zontal direction and utilize the space available between the implant shoulder and 
the abutment for the establishment of the biological width. This hypothesis would 
justify a less marginal bone loss apical to implant-abutment interface. Maeda et al. 
2007 suggested that the platform-switching configuration has the biomechanical 
advantage of shifting the stress concentration area away from the cervical bone–im-
plant interface. It also has the disadvantage of increasing stress in the abutment or 
abutment screw. Recently, Luongo et al. 2008 reported on the soft tissues response 
to the platform-switching technique. Authors observed in a human biopsy of one 
implant that the inflammatory connective tissue infiltrate measured about 0.35 mm 
apical and coronal to the implant-abutment interface. This finding is not consistent 
with data reported by Ericsson et al. 1996 who demonstrated in an experimental study 
in dogs the presence of an inflammatory connective tissue infiltrate that measured 
approximately 0.75 mm apical and coronal to the interface. The smaller inflamma-
tory reaction observed with the platform-switching technique (Luongo et al. 2008) 
may in part justify the limited marginal bone loss observed by Lazzara and Porter 
(Lazzara & Porter, 2006). A recent radiographic prospective study (Cappiello et al. 
2008) included 131 non-submerged implants divided into 2 groups: one group of 
75 implants where 1mm narrower abutments were placed and a second group of 56 
implants where regular healing abutment were placed. The implants were analyzed 
after 12 months of loading. The vertical bone loss results for the first group were 
mean = 0.95mm and mean = 1.67mm for the second group. Platform-switching 
concept is no novelty, as it is usually presented. Already in 1980’s some large diameter 
implants, like Ankylos (Friadent, Densply, Germany) were restored with narrower 
prosthetic abutments, thus unintentionally creating mismatch at implant abutment 
interface and establish benefits of platform-switching (Fig.5).
 Fig.5 Implant with platform-switching modification (Bone level implant, Straumann®, Basel, Switzerland). 
note that abutment is narrower that implant platform.
 
  Fig.6 Platform-switching design using the example of a 4.8 mm implant with a 4.1 mm abutment (adapted 
xavier R-C et al. 2009).
Abutment
0.35 mm
Interface
Implant
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Platform-switching is based on assumption that moving implant-abutment 
connection away from bone crest by connecting prosthetic abutment of narrower 
diameter will reduce crestal bone loss. Commonly, for instance, an implant with a 
4.8 mm diameter platform is connected to a 4.1 mm diameter abutment, creating a 
distance of 0.35 mm between the implant-abutment interface and the peri-implant 
tissues (Fig.6). In the new Straumann® Bone Level implant (BL), the microgap of the 
prosthetic connection between implant and restoration is shifted inwards. This 
means that the biological distance is taken into consideration and that more space 
is left for the “insertion” of the epithelium and the connective tissue of the peri-im-
plant soft tissue in order to preserve crestal bone. The explanation for such hopes 
lays in study by Ericsson et al. 1995, which detected inflammatory cell infiltrate in 
connective tissue zone, contacting implant-abutment interface. Authors suggested 
that formation of infiltrate is a defensive action of the host from microgap, contami-
nated with oral bacteria. Microorganisms attract neutrophils, which, in turn are 
responsible for osteoclasts presence, thus explaining crestal bone loss. As in implants 
with platform switching microgap is shifted away from bone, inflammatory cell infil-
trate forms not in close proximity to bone, therefore, crestal bone loss is reduced. 
This hypothesis was described by Lazzarra et al. 2006 in an article based on the 
summary of radiographic observations of implants with platform-switching from 5 
to 13 years. These authors have suggested that platform-switching repositions 
inflammatory infiltrate within approximate 90 degree-confined area of exposure, 
instead of 180 degree surface of regular connection implants, thus infiltrate is smaller 
around platform switched implants. Additionally, it was proposed that first compo-
nent placed on implant (healing or prosthetic abutment) should be smaller in di-
ameter for the horizontal establishment of biological width around implants. How-
ever, it must be noted that this article in nature and be described as hypothetical 
review, therefore should not be considered as strong evidence for efficiency of 
platform-switching in bone loss preservation. The proofs for platform-switching 
rationale are presented on various levels of evidence. Maeda et al. 2007 in three-di-
mensional finite element analysis tested, if there was a biomechanical basis for 
applying platform-switching in implant dentistry. Study included comparison of 4 mm 
diameter external hex implants with 4 mm healing abutment and 3.25 mm diameter 
abutments on top. Results have showed that the stress levels in cervical bone area 
at the implant were greatly reduced when the narrow diameter abutment was 
connected compared with regular-size one. Therefore authors concluded that 
platform-switching modifications has inherited biomechanical advantage of shifting 
the stress concentrations away from cervical area of the implant. Baggi et al. 2008 
conducted a similar finite element analysis experiment to define stress distribution 
and magnitude in the crestal area around 3 commercially available implants – ITI 
Straumann®, Nobel Biocare® and Ankylos®. Numerical models of maxillary and 
mandibular molar bone segments were generated from computed tomography 
images, and local stress measures were introduced to allow for the assessment of 
bone overload risk. Different crestal bone geometries were also modeled. Type II 
bone quality was approximated, and complete osseous integration was assumed. 
It was concluded that Ankylos implant based on the platform-switching concept 
and subcrestal positioning demonstrated better stress-based performance and 
lower risk of bone overload than the other implant systems evaluated. Additional 
verification of platform-switching benefits for reduction of stress concentration in 
the implant neck region were presented in another computer-generated study by 
Schrotenboer et al. 2008, which compared the influence of reduced abutment di-
ameter on amount of stress transmission to bone. Results showed that reduced 
abutment diameter (i.e., platform-switching) resulted in less stress translated to the 
crestal bone in the micro-threaded and smooth-neck groups. Histological animal 
studies provide contrary evidence. Becker et al. 2007 conducted an experiment, 
when two-piece implants were placed in submerged approach in 9 dogs. At the 
time of second stage surgery, half of the implants were fitted with horizontally 
matching healing abutments and the other half – with smaller in diameter healing 
abutments, thus imitating platform-switching modification. Histological specimens 
for analysis were taken 7, 14 and 28 days after uncovering of implants. Results have 
shown that implants with platform-switching had increased length of junctional 
epithelium, compared to implants with standard abutments. However, no differ-
ence in bone crestal bone loss between control and test groups was noticed. 
Authors concluded that within limitations of their study, platform-switching modifi-
cation failed to preserve more bone at the crest. Jung et al. 2008 in an animal 
experiment compared implants with platform-switching, placed in 3 different posi-
tions to the bone level. Implants were restored, followed for 6 months and under-
went radiographic analysis. In general, it was concluded that position of the implant 
(supracrestal, crestal or subcrestal) did not statistically significantly influence 
amounts of bone loss. Additionally, these authors suggested that implants with 
non-matching implant-abutment interfaces revealed small amounts of bone loss 
relative to the top of the implant compared to implant-abutment interfaces when 
the implant and the abutment diameter do not differ. However, it must be men-
tioned that this experiment did not poses a control group, comprised of regular 
connection implants; therefore conclusion should be evaluated carefully. Material 
from human histology studies can provide valuable information about performance 
of platform switched implants. A study by Luongo et al. 2008 evaluated 1 implant 
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(Prevail, 3iBiomet, USA) with fully integrated peri-implant tissues, retrieved from the 
mouth due to very unfavorable position for prosthetic rehabilitation. It was ob-
served that in connective tissues, facing implant-abutment connection, inflamma-
tory cell infiltrate was located, extending vertically for about 0.35 mm, while hori-
zontal extension did not exceed the extension of implant platform. No 
inflammatory infiltrate was observed below implant platform. Degidi et al. 2008c in 
similar case report inspected single Ankylos® (Densply- Friadent, Manheim, Ger-
many) implant with platform-switching and Morse cone connection. This implant 
was immediately loaded with plastic provisional prosthesis after placement about 2 
mm below level of the bone, however was retrieved from the patient after 1 month 
due to psychological reasons. Histological evaluation revealed no microgap-relat-
ed inflammatory cell infiltrate, no osteoclasts and no bone loss was present, in spite 
of the fact that implant-abutment connection was positioned approximately 2 mm 
below crest. Authors concluded that platform-switching, together with stable 
implant-abutment connection are preferable implant design features, needed to 
reduce or eliminate early crestal bone loss. Obviously, clinical studies provide the 
highest rank evidence, thus must be discussed properly. The conclusion that imme-
diate loading with platform switching can provide peri-implant hard tissue stability 
with soft tissue and papilla preservation was made by Calvo-Guilardo et al. 2007 in 
an uncontrolled clinical trial with 10 platform switched implants placed into fresh 
extraction pockets in 10 individuals. Only very minimal amounts of crestal bone loss 
(0.06 mm) could be recorded after 6 months of loading. Relatively bigger amount 
of bone resorption around Certain Prevail implants (3i, Biomet, USA) was recorded 
in another study, as crestal bone resorption was 0.6 mm after 16 months of loading 
(Calvo-Guilardo et al. 2008). Two retrospective studies by Norton reported minimal 
amounts of bone loss around implants with horizontally non-matching connection 
(Norton 1998; 2006). In the first trial 0.60 mm mesially and 0.62 mm distally of bone 
loss was registered after 4 years of loading. Second study with a follow-up of 7.5 
years reported these measurements to be 0.56 and 0.70 mm, respectively. Chou et 
al. 2004 reported bone loss around implants with platform-switching to be only 0.2 
mm within 3 years of loading, although bone resorption between implant place-
ment and uncovering was from 0.5 to 2 mm on average. Until now there only few 
controlled clinical trials, investigating the benefits of platform-switching of implants 
for crestal bone preservation. Vela-Nebot et al. 2006 studied crestal bone stability 
around 30 implants with platform modification and 30 implants with regular con-
nection. After 1-year follow up radiographic examination of bone loss revealed that 
mesial measurement for the control group was 2.53 mm, whereas for patients in 
test group, it was 0.76 mm. The mean value of bone resorption observed in the 
distal measurement for patients in the control group was 2.56 mm, while for im-
plants in the test group, it was 0.77 mm. It was concluded that implants with plat-
form-switching modification had significant reduction of bone loss in comparison 
to the control group. Hurzeler et al. 2007 carried out an experiment to test if crestal 
bone height around dental implants could be influenced using a platform switch 
protocol and that the bone level would remain stable within 1 year after final pros-
thetic reconstruction. Fifteen patients were treated with fixed implant retained 
prosthesis; 14 wide-diameter implants were supplied with platform-switched abut-
ments and served as the test group. Eight implants with regular diameter were re-
constructed with traditional abutments and served as the control group. One year 
after final restoration, the mean value of crestal bone height was about – 0.22 mm 
for the test group and approximately – 2.02 mm for the control group. The concept 
of platform-switching appears to limit crestal resorption and seems to preserve 
peri-implant bone levels. A certain amount of bone remodeling 1 year after final 
reconstruction occurs, but significant differences concerning the peri-implant bone 
height compared with the non-platform-switched abutments are still evident 1 year 
after final restoration. The reduction of the abutment of 0.45 mm on each side (5 mm 
implant/4.1 mm abutment) seems sufficient to avoid peri-implant bone loss. There 
are results form larger sample sizes. Cappiello et al. 2008 published outcome of 
controlled clinical trial, where 131 implants was consecutively placed in 45 patients 
following a non-submerged surgical protocol. On 75 implants, a healing abutment 
1 mm narrower than the implant platform was placed at the time of surgery. On the 
remaining implants, a healing abutment of the same diameter as the implant was 
inserted. All implants were positioned at the crestal level. The data collected 
showed that vertical bone loss for the test cases varied between 0.6 mm and 1.2 mm 
(mean: 0.95 +/- 0.32 mm), while for the control cases, bone loss was between 1.3 mm 
and 2.1 mm (mean: 1.67 +/- 0.37 mm). These data confirm the important role of the 
microgap between the implant and abutment in the remodeling of the peri-implant 
crestal bone. Platform-switching seems to reduce peri-implant crestal bone resorp-
tion and increase the long-term predictability of implant therapy. Telleman G. et al 
2012 presented the 1-year results from a randomized clinical trial studying the im-
pact of platform switching on inter-proximal bone levels around short implants 
(8.5mm) in the posterior region. Eighty patients with one or more missing teeth in 
the posterior zone were randomly assigned to be treated with implants with either 
a conventional (control) or a platform-switched (mismatch 0.35 – 0.40 mm) im-
plant-abutment connection (test). Follow-up visits were conducted 1 month and 1 
year after placing the implant crown. One year after loading, inter-proximal bone 
loss around test implants (0.51 ± 0.51 mm) was significantly less than around control 
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implants (0.73 ± 0.48 mm). Moreover, bone loss was less around 1 versus 2 adjacent 
implants, in both the test (0.29 ± 0.36 versus 0.71 ± 0.55 mm) and control (0.46 ± 
0.42 versus 0.88 ± 0.45 mm) group. De Angelis N. et al. 2014 in a randomized con-
trolled prospective clinical trial selected 53 patients treated at four study centers 
that were randomly assigned to receive either (test) implants with platform switch-
ing built into their design or similar nonplatform-switched controls (same manufac-
turer, surface treatment, etc) for treatment of single and multiple edentulous sites 
in all four quadrants. Radiographs taken at the time of implant placement, definitive 
restoration delivery, and 1-year follow-up found significantly less crestal bone loss 
around the test implants (0.25 mm) compared to the controls (0.65 mm). Notably, 
bone loss around the control implants had declined by the 1-year follow-up point. 
Thus it can be concluded that current evidence from laboratory, animal or 
human histological and clinical studies suggest that platform-switching modifica-
tion can reduce crestal bone around implants. However, there is no information in 
the literature about the effect of thin mucosal tissues on crestal bone levels around 
implants with platform-switching.
g) Immediate post-extractive insertion
In the past two decades, the immediate implant placement protocol has 
been introduced into clinical practice, while most of the studies on biological width 
on animal models have been conducted on healed ridge models. It may be 
speculated that the surgical protocol of placing an implant immediately upon tooth 
extraction may influence the formation and maturation of the biological width. 
Araújo et al. 2005 investigated in the Beagle dog the healing of implants (Strau-
mann® Implant System) placed into the distal sockets of third and fourth mandib-
ular premolars. Findings from this experiment demonstrated that the dimensions 
and composition of the mucosal seal around immediate implants were similar to 
those around standard implants (Berglundh et al. 1991). The histometrical analysis 
only showed a different dimension of the soft tissue barrier when comparing buc-
cal and lingual sites. The overall dimensions of the biological width after 3 months 
of healing were 3.9 ± 0.5 mm and 2.6 ± 0.4 mm, at the buccal and lingual aspect, 
respectively. The difference between buccal and lingual dimensions was due to 
the connective tissue component that was 1.8 ± 0.8 mm and 0.7 ± 0.2 mm on the 
buccal and lingual aspects, respectively. This difference could be in part explained 
by a greater marginal bone loss observed on the buccal aspect of the implants that 
corresponded to 2.6 ± 0.4 mm. These differences were confirmed by another study 
from the same laboratory (Araújo et al. 2006) that utilized a similar experimental 
model with different time intervals. At 1 month of healing the distance from the 
mucosal margin to the first bone/implant contact varied from 3.3 mm at the buccal 
sites and 3.5 mm at the lingual sites whereas at 3 months the corresponding values 
were 4.2 ± 0.8 mm and 2.7 ± 0.2 mm respectively. As previously reported, the differ-
ence was due to the dimensions of the connective tissue that reached 1.9 ± 0.6 mm 
and 0.6 ± 0.2 mm at the buccal and lingual sites after 3 months of healing. Never-
theless, other experimental studies that have compared healing at implants placed 
in a healed ridge and implants immediately placed in fresh extraction sockets have 
reported, at 8 months, a larger dimension of the soft tissue barrier in implants 
placed immediately (Schultes & Gaggl, 2001). Similar results were reported in an 
experimental study in the minipig model (Rimondini et al. 2005). They evaluated the 
epithelial dimensions after placing implants in fresh extraction sockets in minipigs 
and reported that the epithelial length was 3.02 mm 30 days after implant installa-
tion and then remained stable up to 60 days. In a more recent study, Vignoletti de-
scribed the differences in the healing of the soft tissue barrier when placing four dif-
ferent implant systems immediately in fresh extraction sockets (3i Implant System, 
Astra Tech Implants, Thommen Implant System, ITI Implant System) (Vignoletti et 
al.2009). The biological width 6 weeks after implant placement averaged between 
3.5 - 4.1 mm and 2.8 - 3.2 mm at the buccal and lingual aspects, respectively. On 
the buccal aspect the soft tissues barrier was comprised of a junctional epitheli-
um that measured between 2 - 2.7 mm and a connective tissue that ranged between 
1 - 1.8 mm. The corresponding values at the lingual side were 1.6 - 2 mm of epithe-
lium and 0.9 - 1.4 mm of connective tissue. The study failed to demonstrate differ-
ences in the healing pattern when placing four different implant systems in fresh 
extraction sockets. Nevertheless, the obtained length of the epithelium with the 
four implant systems is longer than what has been reported when placing implants 
in healed-ridge experimental models. In conclusion, contradictory data are availa-
ble on the influence of placing implants immediately upon tooth extraction on the 
biological width. The limited experimental evidence available seems to indicate a 
tendency towards higher dimensions of the mucosal seal around implants placed 
according to this surgical protocol. 
h) Surface modification of titanium implants 
Polishing, particle blasting, etching, and anodization represent different sur-
face modifications of titanium implants. In an experimental study it was reported that 
the soft tissue dimensions were similar at implant abutments with either a polished 
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smooth surface or a thermal dual acid etched surface (Abrahamsson et al. 2002), 
furthermore, different surface roughness failed to influence plaque accumulation in 
both experimental and clinical studies (Bollen et al. 1996, zitzmann et al. 2002 and 
Wennerberg et al. 2003). It was reported in a study with human biopsies that the soft 
tissue formed to oxidized and acid etched mini implants exhibited shorter epithelial 
and longer connective tissue dimensions compared to the tissues around turned mini 
implants (Glauser et al. 2005). Soft tissue healing to Calcium Phosphate coatings was 
also analyzed. In a dog model study it was observed that epithelium and supra alve-
olar collagen fibers formed around dense calcium hydroxyapatite titanium implants 
(Kurashina et al. 1984). Parallel collagen fiber bundles were demonstrated around 
hydroxyapatite coated implants (Comut et al. 2001). No difference in soft tissue di-
mensions was found for submerged and non-submerged hydroxyapatite implants 
(Kohal et al. 1999). Analysis of autopsy materials showed parallel and perpendicular 
collagen fiber bundles to plasma sprayed titanium implants (Piatelli et al. 1997). Tita-
nium implants with a sol-gel derived nanoporous TiO2 film was compared to turned 
titanium implants. The soft tissue of the surface treated implants was analyzed in a 
transmission electron microscope and hemidesmosomes of the cells in the junctional 
epithelium facing the surface were observed. A shorter distance between the im-
plant margin and the bone crest was demonstrated for the surface treated implants 
compared to the turned implants (Rossie et al. 2008). The use of hydroxyapatite and 
other coatings on titanium implants was intended to promote soft tissue formation 
with structures resembling the soft tissue attachment to teeth. The study of Welander 
et al. 2007 aim was to analyze the soft tissue healing at titanium implants coated with 
type I collagen. The authors concluded that the vertical dimensions of the soft tissue, 
the composition of the connective tissue portion facing the implants and the pro-
portions of leukocytes within the barrier epithelium were similar at collagen-coated 
and un-coated titanium implants after 4 and 8 weeks of healing. Schwartz et al. 2007 
concluded in a dog model study that soft tissue integration was influenced mainly by 
surface hydrophilicity rather than microtopography.
i) Abutment materials
The traditional abutment material of dental implants was commercially pure 
titanium due to its well-documented biocompatibility and mechanical properties 
(Adell et al. 1981). Esthetic awareness in implant dentistry, however, demands the 
development and use of other materials than titanium in the abutment part of the 
implant. Soft tissue formed to implants made of alumina (Al2O3) and single-crystal sap-
phire demonstrated structures such as basal lamina, hemidesmosomes and a con-
nective tissue with collagen fibers that were mainly oriented parallel to the implant 
surface (McKinney et al. 1985, Hashimoto et al. 1988, 1989, Fartash et al. 1990). Soft 
tissue biopsy analysis in light microscope and transmission electron microscope 
revealed no differences between single-crystal sapphire implants and titanium im-
plants regarding the organization of the epithelium, the arrangement of collagen 
fibers, nerves and vessels and different connective tissue cells (Arvidsson et al. 
1996). Cast metal alloys have extensively been used in prosthetic dentistry due to 
mechanical and biocompatible properties. A cast metal is easy to handle and may 
consequently be considered as an abutment material (Tan & Dunne 2004). In an 
animal study Abrahamsson et al. 1998a analyzed soft tissue healing to abutments 
made of titanium, gold-alloy, dental porcelain and Al2O3 ceramic. It was demonstrat-
ed that gold alloy and dental porcelain failed to establish a soft tissue attachment 
while abutments made of titanium and ceramic formed an attachment with similar 
dimensions and tissue structures. In a subsequent animal experiment, however, it 
was reported that the peri-implant soft tissue dimensions were not influenced if 
titanium or gold alloy was used in the marginal zone of the implant (Abrahamsson & 
Cardaropoli 2007). Different types of ceramic were also evaluated. Abutments made 
of zirconia (zrO2) showed better mechanical properties than ceramic abutments 
made of alumina (Al2O3) (Yildirim et al. 2003) and results from microbial sampling 
studies revealed less bacteria and plaque accumulation on zirconia discs than on 
titanium discs (Rimondini et al. 2002, Scarano et al. 2004). In an animal model load-
ed custom-made zirconia and titanium implants demonstrated similar soft tissue 
dimensions (Kohal et al. 2004). Soft tissue biopsies that surrounded titanium and zir-
conia healing caps were analyzed and it was demonstrated that the zirconia healing 
caps presented a lower inflammatory level in the tissues than that at titanium heal-
ing caps (Degidi et al. 2006). Studies utilizing clinical parameters and radiographs 
to compare different abutment materials were also performed. Transmucosal col-
lars of titanium and dental ceramics were compared in a clinical study and no dif-
ferences were found in soft tissue response (Barclay et al. 1996). In clinical studies 
titanium and ceramic (Al2O3) abutments were compared regarding microbial sam-
pling (Rasperini et al. 1998) and soft tissue conditions (Andersson et al. 2003) and 
no differences between the materials were observed. Vigolo et al. 2006 assessed 
the peri-implant mucosa around abutments made of gold-alloy and titanium and 
no evidence of different response to the materials were found. Favorable soft tissue 
conditions to zirconia abutments were found in a clinical study (Glauser et al. 2004) 
and also abutments made of alumina-zirconia demonstrated healthy soft and hard 
tissue conditions (Bae et al. 2008). Information obtained from animal experiments 
and clinical studies appears incomplete regarding soft tissue healing to different 
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types of implant materials. The aim of the Welander et al. 2007 study was to analyze 
the soft tissue barrier formed to implant abutments made of titanium, gold-alloy 
and zirconia (zrO2) and concluded that implant abutments made of titanium, zrO2 
– based ceramic and Au/Pt-alloy had similar soft tissue dimensions after 2 months 
of healing. At Au/Pt-alloy abutments the connective tissue interface contained 
lower amounts of collagen and fibroblasts and larger fractions of leukocytes than 
at abutments made of Ti and zrO2. Linkevicius et al. 2015 conclued in a very recent 
systematic review that literature does not support any obvious advantage of Titanium 
or zirconia abutments over each other. However, there is a significant tendency in 
zirconia abutments evoking better color response of peri-implant mucosa and 
superior esthetic outcome measured by pink esthetic score.
j) Microgap at two-part implants
In one-part implant systems the transmucosal part is continuous with the os-
seous part. The two-part implant systems, however, are provided with one intraos-
seous and one transmucosal part that result in a “microgap” between the compo-
nents. The traditional Brånemark implant was provided with a “flat to flat” surface 
between the two components and the abutment was connected to the fixture with 
a central screw; an “open system”. An experimental animal study reported that an 
inflammatory cell infiltrate (ICT) was consistently present at the level of the interface 
between the two components, furthermore, the bone crest was consistently located 
1 - 1.5 mm apical of the microgap (Ericsson et al. 1995). Persson et al. (1996) suggest-
ed that this was a result of a bacterial contamination of the inner components of the 
implants. In animal studies one-part implants and experimental two-part implants 
were placed at different levels to the bone crest. It was suggested that the most 
coronal bone to implant contact at two part implants was consistently located ap-
proximately 2 mm below the junction of the components (Hermann et al. 1997). In 
addition, placement of two-part implants at different levels in relation to the bone 
crest resulted in different amounts of bone loss (Hermann et al. 2000 b, Piatelli et 
al. 2003, Alomrani et al. 2005). Hermann et al. (2001b) and King et al. (2002) also 
suggested that micromovements influenced the location of the marginal bone to 
implant contact. Leukocytes were analyzed in the tissue facing one- and two-part 
implants in an experimental animal study. Clusters of inflammatory cells were found 
approximately 0.5 mm from the microgap around two-part implants, while in tis-
sues surrounding one-part implants only scattered inflammatory cells were found 
(Broggini et al. 2003). The number of inflammatory cells was found to increase with 
the depth of the implant-abutment interface (Broggini et al. 2006). Two-part im-
plants with non-matching implant-abutment diameters and a conical internal im-
plant-abutment connection were used in an animal study (Jung et al. 2008). It was 
reported that the amount of crestal bone loss that occurred was much smaller than 
that observed by Hermann et al. (1997). Subcrestally placed implants in animal ex-
periments were reported to have a wider soft tissue dimension with longer epithe-
lium and connective tissue compartments than that at implants placed in level or 
coronally to the bone crest (Todescan et al. 2002, Pontes et al. 2008 a, b). Schwartz 
et al. 2014 have published a systematic review to study what was the impact of im-
plant – abutment configuration and the positioning of the machined collar/microgap 
on crestal bone level changes and concluded that while the positioning of the ma-
chined neck and microgap may limit crestal bone level changes at nonsubmerged 
implants, the impact of the implant – abutment connection lacks documentation.
    I.3 perI-Implant hard tIssue
The success of dental implants has been extensively documented and without 
question has changed the way dentistry is practiced today. However, long-term data 
show that marginal bone loss analogous to periodontal bone loss does occur, thus 
the longevity of implant treatment depends on integration between fixture and oral 
tissues. It has been well described in the literature, that two-piece implants under-
go crestal bone loss after the connection of the abutment and delivery of prosthe-
sis in single tooth replacements (Kim et al. 2008 and Puchades-Roman et al. 2000), 
partial edentate (Koutouzis et al. 2007 and Yi et al. 2000) and complete edentulous 
patients (Arvisdon et al. 1998 and Von WN et al. 2001). First attempt to clarify crest-
al bone changes during the first year of implant-supported prosthesis function was 
performed by Adell et al. 1986. Their study reported an average of 1.2 mm of bone 
loss from the first thread during first year of loading. Interestingly, further bone loss 
was recorded to be only 0.1 mm per year. Later on, this led to establishment of the 
success criteria for implant treatment that included up to 1.5 mm loss of crestal bone 
after 1 year of implant function, as it was proposed by Albrektsson et al. 1986. This 
bone deterioration was defined as early crestal bone loss and was thought to be an 
inevitable result from surgical intervention. Although later observations showed that 
early marginal bone loss did not affect implant stability and success rates (Smith et al. 
1989 and Weber et al. 1992), an important factor to consider may be the fact that the 
stability of peri-implant mucosa around implant is largely dependent on the level of 
the underlying bone. The consequence of marginal peri-implant mucosa migration 
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apically may have a major implication in the aesthetics of the restoration particularly 
in the anterior area. Prospective follow-up studies by Bengazi et al. 1996 and Small 
et al. 2000 reported mean 0.4 mm of buccal recession after 6 months of prosthesis 
insertion, possible due to early bone deterioration. This is with an agreement with 
retrospective studies of Grunder et al. 2000, which showed about 0.6 mm of soft tis-
sue recession and Ekfeldt et al. 2003 reporting 0.8 mm soft tissue apical migration in 
the first year after crown placement. Consequently, the identification of the reasons 
for early bone loss seems to be very important.
I.3.1 Marginal bone behavior
During two decades of research many factors have been advanced as pos-
sible reasons for this phenomenon. Overload (Misch et al. 1999), microgap (Her-
mann et al. 2000), polished implant neck (Wiskott et al. 1999) and others have been 
extensively discussed in literature, but the stability of the crestal bone still remains 
a controversial issue. Surgical trauma (Toljanic et al. 1999; Esposito et al. 1998), 
peri-implantitis (Tonetti et al. 2000), prosthetic abutment material (Abrahamsson 
et al. 1998) and its manipulation (Abrahamsson et al. 1997) are additional causes, 
which are thought to have impact on bone level. Moreover, the influence of mu-
cosal thickness and BW formation on crestal bone loss around implants has only re-
cently been discussed in the scientific research and is not so meticulously analyzed, 
as other factors (Berglundh et al. 1996; 2007). It has been proposed that a minimum 
3 mm of peri-implant mucosa is required for the stable epithelial connective tissue 
attachment to form without bone loss (Iacono 2000). This soft tissue extension is 
usually referred as a BW around implants and serves as a protective mechanism for 
underlying bone (Cochran et al. 1997). There are some suggestions that if minimal 
dimension of mucosal tissues is not available, bone loss may occur to ensure the 
proper development of BW (Lindhe et al. 1992). These considerations could be 
compared to teeth-related studies, which showed that indeed an establishing of 
BW after tooth crown lengthening involved crestal bone loss (Oakley et al. 1999. 
The transition of alveolar mucosa to peri-implant soft tissues after implant installa-
tion is a complex process. Berglundh et al. 2007 described the morphogenesis of 
peri-implant mucosa, implying that the characteristics of mucosal tissues may be 
important in this process. However, the data regarding relationship among mucosal 
thickness and marginal bone loss around implants is sparse. Berglundh & Lindhe 
1996 reported that thin tissues could provoke crestal bone loss, during the for-
mation of the peri-implant seal in an animal experiment. Observations in another 
histological study showed that implants, surrounded by consistently thin mucosa, 
had angular bone defects, while at implant sites with even alveolar pattern, wide 
mucosa biotype was prevalent (Abrahamsson et al. 1996). However, the evidence 
of well-designed and structured animal studies is limited reducing the generaliza-
bility of results to clinical samples (Albrektsson et al. 2004). In addition, the clinical 
research in examining the effects of tissue thicknesses on bone stability around 
implants is lacking. Consequently, the question remains whether mucosal tissue 
thickness plays a role in the etiology of early crestal bone loss.
I.3.1 a) Early crestal bone loss
Early crestal bone loss could be defined as bone resorption around neck of 
dental implant from placement to 1-year post-loading (Misch et al. 1999). This defi-
nition is probably based on implant success criteria, suggested by Albrektsson et al 
in 1986, which state, that until 1.5 mm of bone loss within the first year of loading 
can be considered as a success, if later bone loss does not exceed 0.2 mm annually 
(Albrektsson et al. 1986). This concept was developed from observational material 
of original Brånemark implants; however, implants used in conventional dentistry 
have superior design and surfaces, which seem to be more capable in keeping bone 
stable. Therefore, recently some studies have questioned the accepted success cri-
teria, stating, that implants can have reduced amounts of bone loss after 1-year of 
function. It was reported that implants with micro threads in the neck region and 
conical implant-abutment interface may have 0.33 – 0.56 mm of bone loss within 12 
months of loading (Norton et al. 1998; 2006). Crestal bone, which is composed of 
cortical pattern, may play the major role in primary and long-term implant stability. 
Primary stability is a key to osseointegration, as it is well described and proved that it 
ensures transition to secondary stability, which already is characterized by biological 
interlock of bone and implant surface. When implant is restored and brought into 
function, crestal bone is also one of the major factors to secure enduring success.
A number of finite element analysis studies showed, that when axial and 
lateral physiologic forces are applied to the implant, high peak stresses are 
generated in cortical bone (Fanuscu et al. 2004; Himmlova et al. 2004; Tada et al. 
2003). Other in vitro studies show, that loss or absence of cortical bone results in 
stress transfer to cancellous bone, whose stiffness is 10 times lower, than cortical 
bone and may not be able to withstand the stresses subjected to the implant, 
resulting in implant destabilization and subsequent loss (Watzek G. 2004). However, 
clinical data shows different results, as usually bone loss stabilizes after 1 year of 
loading, thus early crestal bone loss, if not extents more in apical direction, generally 
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shows no threat to osseointegration and implant long-term survival whatsoever. 
It has been proposed that an implant should be considered failed when the mar-
ginal bone loss has reached the apical 1/3 of the implant and that never happens 
during early crestal bone loss (Jemt et al. 1989). It is more important that the 
stability of peri-implant mucosa level around the implant is largely dependent 
on the height of the underlying bone. The consequence of marginal peri-implant 
mucosa migration, as a result of early marginal bone loss, has a major implication 
in the aesthetics of the restoration particularly in the anterior area. Peri-implant 
mucosa recession, which may follow crestal bone loss, results in crown margin 
exposure and loss of the papilla (Kan et al. 2003). Thus crestal bone loss can influ-
ence position of mesial and distal papillae, soft tissue level and contour. If esthet-
ic scores are low, what can be expected in case of bone loss, restorations cannot 
be related as esthetic and patient satisfaction is may be lower (Lai et al. 2008). As 
many authors reported retraction of mucosa around implant-supported restora-
tions after delivery within the first year of function, it was recommended to restore 
anterior implants with provisional crowns for at least 6 months. It was suggested 
to restrain delivering permanent prosthetic solution, as soft tissue recession is 
likely to happen (Belser et al. 2004). There is no agreement between researches 
why crestal bone tends to resolve more during first year of loading than following 
years, but it is clear that the process of bone loss is dependent on the etiologic 
factor. Wiskott and Belser have proposed that this “saucershape” bone loss may 
be self-limiting, as the tendency to stop after reaching first thread of implant is 
obvious (Wiskott et al. 1999). However, “bone loss till first thread” can be chal-
lenged by serious critique, as bone loss depends on initial position of the implant 
(Hartmann et al. 2004). Original Brånemark protocol included implant counter-
sinking below the crest to minimize the risk of implant interface movement and 
to prevent undesirable implant exposure. Consequently, after uncovering during 
second stage surgery due to various reasons bone migrates about 1.5 mm in 
apical direction and stops around the region of first thread. However, if implant is 
placed at or even above the bone level, the number of thread, which bone loss 
reaches, may differ. Thus crestal bone loss is not thread related, rather dependent 
on implant placement level. Early bone loss, which stabilizes without leading to 
failure, is distinct from late bone loss, which is another type of bone resorption. 
Esposito et al. has defined late bone loss as failure to maintain the achieved os-
seointegration (Esposito et al. 1998). It is usually associated with peri-implantitis 
development, undetected cement remaining after prosthetic treatment or lack 
of attached peri-implant mucosa. Late bone resorption does not pose ability to 
restrict itself without intervention, thus poses a real threat to outcome of all treat-
ment. Many possible explanations for the phenomenon of early crestal bone loss 
have been proposed to consider. 
I.3.1 aa) Surgical trauma 
Surgical trauma was perhaps the first factor to be discussed as a cause of 
early crestal bone loss (Brånemark et al. 1977). It was suggested that the raising of 
periosteum flaps and marginal bone preparation at high speed could result sub-
sequent bone loss after tissue healing. This assumption is probably partly based 
on classical study by Wilderman et al. 1970, who showed that horizontal bone re-
modeling after surgery with mucoperiosteal flap elevation can reach up to 0.8 mm. 
Although the pattern of bone loss around implants differs from teeth, as vertical 
bone “saucerization” is more implant-related feature, compared to horizontal re-
sorption around teeth, an animal study by You et al. 2009 showed that flapless 
implant placement resulted in significantly lower amounts of marginal bone loss. 
Animal experiment studied 12 implants, placed in 6 Mongrel dogs and half of the 
fixtures were installed in flapless approach and the other part secured in bone after 
traditional flap elevation. Radiographic evaluation showed 0.0 mm of bone loss in 
flapless group and 0.2 - 0.3 mm in conventional implant placement group. 
I.3.1 ab) Occlusal overload
For a long time occlusal overload was considered the main reason, since crestal 
bone was observed after implants received loading. Miyata et al. 2000; 2002 and Isidor 
1996; 1997 have demonstrated in animal experiments with monkeys that excessive 
occlusal loading can cause bone loss or even implant disintegration. The background 
for occlusal overload as a factor for crestal bone loss is based on some studies (Frost 
1994; 1998), which analyzed the influence of loading on behavior of bone. 
Author proposed 5 types of strain levels interrelated with different load 
levels in bone: 
1) disuse – bone resorption; 
2) normal load – homeostasis; 
3) mild overload – bone mass increase; 
4) pathologic overload – irreversible bone damage; 
5) fracture. 
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Normal load and mild overload were considered optimal conditions for 
bone status. Roberts et al. 1989 suggested that crestal regions around implant neck 
are constantly challenged by high stresses and that extreme loading can cause lo-
cal “microfractures” of bone and result in resorption. Based on these assumptions, 
occlusal overloading was regarded as undesirable factor in crestal bone loss etiolo-
gy. Misch 2008 has speculated that stresses at implant neck region can be sufficient 
to cause local overload and microfractures of bone, thus leading to early crestal 
bone loss. However, it is not clear why bone loss does not continue until complete 
implant failure, if occlusal functioning is likely to cause constant overload at implant 
neck area. It was suggested bone is less dense and more sensitive to stresses in 
the beginning of prosthetic loading, thus bone is overloaded and links to resorp-
tion (Misch 2008). Therefore, within first year of loading bone matures, it becomes 
more dense and occlusal forces, that initially causes crestal bone loss, is not great 
enough to evoke further bone resorption (Misch et al. 2005). In contrast, some other 
studies have questioned the role of loading in etiology of early crestal bone loss 
(Gotfredsen et al. 2001a, 2001b; 2001c). In addition Heitz-Mayfield et al. 2004 in 
experimental study with dogs created overload by raising the bite with prosthesis 
nearly by 3 mm for 8 months. Outcome of the study did not find additional bone 
loss around test implants, compared with control group. Furthermore, clinical trials, 
which studied bone levels around cantilever prostheses (Halg et al. 2008; Romeo 
et al. 2003; Wennstrom et al. 2004), restorations, receiving non-axial loads, angled 
abutments (Capelli et al. 2007; Sethi et al. 2000; 2002) and other situations, with en-
larged loading did not show additional risk for bone loss and implant failure. Some 
studies have shown that bone loss around implants can occur even before loading, 
thus not supporting the role of loading in bone resorption, observed during the 
first year of function (Assenza et al. 2003). Therefore, it can be concluded that osse-
ointegration can be disturbed by occlusal overload under experimental conditions, 
however it is very hard or even impossible to directly relate occlusal overload and 
bone loss in humans. 
I.3.1 ac) Microgap
Another factor broadly discussed in implant literature, as a cause of marginal 
bone resorption is implant-abutment interface – microgap. Microgap is the special 
feature of two-piece implants, which forms, when prosthetic abutment is connected 
to implant body and it’s been related to crestal bone loss. Laboratory experiments 
show that the size of microgap may be different between implant systems and pros-
thetic abutments. Kano et al. 2007 reported that horizontal misfit of implant-abut-
ment interface can range from 89 to 13 μm, depending on type of abutment, while 
vertical misfit was recorded to be smaller, from 5 to 11 μm. Dibart et al. 2005 deter-
mined only 0.5 μm microgap in the locking taper system implants, which were re-
garded having “bacteria free” connection, as microorganisms are larger in diame-
ter than 0.5 μm. The size of microgap must be important, as in vitro studies have 
shown that due to implant-abutment interface there is a microbiological contami-
nation along all the system (Gross et al. 1999; Quirynen et al. 1994). Three reasons 
are advanced as explanations of the presence of bacteria at the implant/abutment 
interface: 1) leakage; 2) contamination during prosthetic phase; 3) loosening of 
abutment after some time of function. Piattelli et al. 2001 supported the idea of 
leakage, showing the penetration of oral fluids and bacteria occur through occlusal 
access opening for the screw-retained implant-abutment connection, which may 
also occur if the central screw becomes loose. In contrast, cement retained implant 
crowns showed no internal microbial contamination. The contamination during 
prosthetic phase of treatment is another possible reason for bacteria to be present 
in internal implant parts. Before permanent placement, the abutment should be 
cleaned in ultrasonic bath or even autoclaved, as proposed by some authors in order 
to clean all debris and microorganisms (Brånemark et al. 1985). This leakage is 
responsible for abutment-related inflammatory cell infiltrate formation in soft 
tissues adjacent to microgap, as described in numerous histological animal studies 
(Abrahamsson et al. 2003; Ericsson et al. 1995; 1996). Ericsson et al. 1995 termed it 
“abutment-infiltrated connective tissue” and suggested that its presence shows 
the reaction of host to the bacterial contamination of inner abutment components. 
It was stressed, that abutment-related lesion has no relationship with plaque-asso-
ciated infiltrate lateral to peri-implant sulcus and junctional epithelium. The forma-
tion of infiltrate may be an host mechanism of protecting the peri-implant bone. In 
contrast one-piece implants, which bypass the effect of microgap, do not show the 
development of specific inflammatory cell infiltrate at the bone crest (Glauser et al. 
2005; Hermann et al. 2001). Hermann and collaborates in a series of animal experi-
ments did prove that placement of implant-abutment interface at the level of bone 
or more apically may result in significant marginal bone reduction (Hermann et al. 
1997; 2001). The pathogenesis of microgap-related bone loss was described by 
Broginni et al. 2003. It was observed that the pattern of peri-implant neutrophil ac-
cumulation suggests that a chemotactic stimulus originating at or near the mi-
crogap of two-piece implants initiates and sustains recruitment of inflammatory 
cells. These cells promote osteoclasts formation and draw, which may result in alve-
olar bone loss. This hypothesis was confirmed in a later experiment, which showed 
the capacity of deeper-placed implants to accumulate more neutrophils, more 
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inflammation, and thereby cause more bone loss (Broginni et al. 2006). Generally, it 
was concluded that bone might recede up to 2 mm to maintain appropriate dis-
tance from the source of infection. This can be considered similar to alveolar bone 
loss around crowned teeth if BW is invaded by prosthesis margin (Gunay et al. 2000) 
or distance between infection and a healthy attachment in periodontally involved 
teeth, as it was observed by Waerhaugh 1976. Therefore, the recommendation to 
position implants supracrestally for microgap distraction may be considered justifi-
able (Davarpanah et al. 2000: Holt et al. 2002). Todescan et al. 2002 also reported 
stable bone recession from implant-abutment interface apically, however did not 
confirm the direct correlation between the depth of implant placement and the 
severity of bone loss. In fact, the implants, which remained 1 mm above the bone 
crest, had the lowest bone level, compared to crestally or 1 mm more apically coun-
tersunk implants. However, it must be noted that the measurements were per-
formed 3 months after implantation, which can be considered as early or even pre-
mature. The most appropriate time for assessment of early crestal bone loss is after 
1 year of service, as it was proposed by Albrektsson et al. 1986. Consequently, Pontes 
et al. 2008, whose study had at least 7 months of follow-up, did notice the signifi-
cant relationship between the implant insertion depth and the extent of bone loss. 
The importance of the time factor in evaluation is obvious in the Assenza et al. 2003 
study, which reported 1.32 mm marginal bone loss after 6 months and 2.21 mm 
after 1 year due to microgap. The present study had follow-up of 1 year, which can 
be considered a fully satisfactory period for reliable evaluation of crestal bone 
changes. Piattelli et al. 2003 reported no bone resorption if microgap was located 
1.0 – 2.0 mm above the alveolar crest, and a loss of 2.1 mm if microgap was present 
at the level of the alveolar crest. However, all the above mentioned studies are 
animal experiments, which do not occupy the highest position in the hierarchy of 
evidence (Albrektsson et al. 2004). Interestingly, some clinical reports provide a 
different perspective of the subject. The findings of several successive clinical studies 
by Heijndrijk and co-workers, claimed microgap to be no threat to bone stability 
around osseointegrated implants (Heijndrijk et al. 2002a; 2002b; 2003). A possible 
explanation for this variation may lie in different follow-up periods, diverse implant 
designs and other, still not identified reasons. In contrast, Vela-Neblot et al. 2006 
used crestally placed implants as a control group in a clinical study comparing 
different implant-abutment connections and obtained constant bone loss around 
implants in control group. In the light of this study, microgap remains a significant 
threat to bone stability. Norton 2006 published another article dealing with clinical 
performance of implant-abutment interface in close proximity to bone. The retro-
spective analysis revealed that two-piece implants underwent only minimal marginal 
bone loss or even bone gain during 3-year follow-up. Hermann et al. 2001 have 
proposed another implant-abutment connection related factor in etiology of early 
marginal bone loss. In animal experiment 60 implants were placed in 5 hounds. 
Two-piece implants had microgap size of approximately 10 μm, 50 μm and 100 μm 
and one part of the implants were laser-welded together, not allowing any move-
ment between implant body and abutment. The other part of tested fixtures had 
the same size of microgap, but abutments holding connected to implants only by 
prosthetic screws. Results showed that all implants in non-welded group had signif-
icantly increased amounts of crestal bone loss, compared to implants with laser-welded 
abutments. Therefore, it was concluded that micromovements between implant 
and prosthetic abutment can be more important for bone loss than size of microgap 
itself. Similarly, King et al. 2002 in subsequent experiment have confirmed conclu-
sions of prior study stating that the stability of implant-abutment connection is very 
important feature in prevention of marginal bone loss. The importance of implant-abut-
ment interface instability to bone loss is usually two-fold. First, it was proposed that 
when occlusal forces are applied to implant due to abutment connection instability, 
a pumping effect maintains constant flow of bacteria form implant interior through 
microgap to peri-implant tissues (Hermann et al. 2007). Such action contributes to 
formation of inflammatory cell infiltrate formation, which constitutes the basis for 
microgap-related bone loss. Second theory states that abutment micromovements 
itself can cause resorption of crestal bone situated in close proximity. 
I.3.1 ad) Polished implant neck
Polished implant neck is advanced as another factor, playing role in early 
crestal bone loss etiology. Historically implant neck was manufactured with pol-
ished surface to reduce plaque accumulation, if implant becomes exposed to oral 
environment, as a consequence of alveolar bone loss. However, clinical trials, which 
studied bone levels around implants with polished collars, have shown the ten-
dency for hard tissue resorption in contrast with machined surface. Hammerle et 
al. 1996 reported that Straumann® implants did not maintain bone, when implant 
was restored, despite countersinking. A study by Shin et al. 2006 concluded similar 
results that implants with rough neck experienced less bone loss, compared to 
polished neck fixtures. Hanggi et al. 2005 reported that implant design with the 
shorter smooth coronal collar may help to reduce the risk of an exposed metal im-
plant margin in areas of esthetic concern, as implants had no additional bone loss. 
Wiskot and Belser 1999 describe the pathogenesis of polished surface related bone 
loss in review article. It was hypothesized that machined implant surface cannot 
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effectively distribute occlusal stress between bone and smooth titanium surface; 
“stress shielding” is created and results in bone loss. It was observed that bone 
grows over submerged implant, as it can be noted during second stage surgery, 
but after prosthetic loading bone goes down to first thread of the implant (Adell et 
al. 1981; 1986). Jung et al. 1996 have demonstrated extensive bone loss around im-
plants with 3 mm long polished neck part. In studies with one-piece implants, which 
bypass the effect of microgap, bone level was found to establish at the border of 
smooth-rough surface, regardless the deepness of implant positioning (Abrahams-
son et al. 2003). Thus it can be concluded that polished implant neck is a valid 
etiologic factor in crestal bone loss pathogenesis. 
I.3.1 ae) Abutment connection/disconnection
It was suggested that prosthetic phase of treatment may also influence crestal 
bone level around implants. Abutment disconnection and subsequent reconnec-
tions, abutment materials and dimensions may disturb the peri-implant tissue seal, 
which in turn may affect the crestal bone level. Abrahamsson et al. 1997 reported 
the recession of peri-implant mucosa and bone resorption after the dis/reconnec-
tion of titanium abutment 5 times, in that way simulating procedures of prosthetic 
treatment. Test implants showed significantly higher reduction of bone height than 
control implants: 1.49 mm and 0.78 mm respectively. Clinically, the bleeding and 
ulceration of soft peri-implant tissues after the disconnection of the abutment was 
observed. It was concluded that the mechanical disruption of the mucosal barrier 
might be recognized as an open wound of connective tissue with subsequent 
epithelial proliferation to cover the open connective tissue. This change in peri-im-
plant tissues may result in crestal bone resorption in order for the connective tis-
sue to regain its normal dimension. It was shown that epithelium starts to migrate 
within few hours after the creation of wound (Bartold et al. 2006), but it takes 
about 1-2 weeks for connective tissue to re-establish its contact with abutment. 
This discrepancy in time favors the down-growth of epithelium. In a later study in 6 
dogs and 36 implants, Abrahamsson et al. 2003 found that single disconnection of 
healing abutment to prosthetic abutment did not cause any additional bone loss. 
Watson et al. 1998 in retrospective clinical study evaluated soft tissue condition and 
crestal bone loss around implants, which had earlier healing abutments, placed af-
ter second stage surgery. After a 3-year follow-up, it was concluded that there was 
no evidence to suggest that abutment exchange adversely affects the outcome of 
implant treatment. The shift from healing abutment to prosthetic analogue neither 
affected the survival rates of implants nor increased the marginal bone loss. Rodrigez 
x et al. have designed an animal study with the aim of radiologically measure the 
influence of abutment disconnection on bone resorption and to compare this influ-
ence on platform-switched vs. non-platform-switched implants. The study design 
included extraction of all mandibular premolars in five canines. After 2 months, six 
implants were placed in each dog. Four of them were platform-switched (PS) im-
plants and two were non-platform-switched (NPS) implants. Some or all of the abut-
ments connected to the implants were disconnected at pre-ordained post-surgical 
intervals. Radiographs were taken at the time of implant placement and at every 
handling. The values for mesial (horizontal and vertical) and distal (horizontal and 
vertical) bone resorption were taken and compared for each implant at every abut-
ment dis/reconnection. Results: the average vertical bone resorption around NPS 
implants after four dis/reconnections was 1.09 mm (SD 0.25 mm), and the average 
horizontal bone resorption was 0.98 mm (SD 0.27 mm). The average vertical bone 
resorption around PS implants after four dis/reconnections was 0.24 mm, (SD 0.08 
mm) and the average horizontal bone resorption was 0.24 mm (SD 0.13 mm). The 
difference of the average horizontal and vertical bone resorption around NPS and 
PS implants was statically significant (p < 0.05). The average mesial and distal bone 
resorption values around PS implant adjacent to a tooth were compared, and stat-
ically significant differences were found (p < 0.05).  They concluded that Implants 
with a PS design show less peri-implant bone resorption during the healing process 
and as their abutments are disconnected, than do comparably dis/reconnected 
NPS implants. The location of the PS implant next to a tooth may decrease radi-
ographically visible peri-implant bone resorption significantly (Rodriguez x. et al. 
2013). Koutouzis et al. 2013 studied the effect of healing abutment disconnection 
and reconnection on soft and hard peri-implant tissues. Sixteen patients were in-
cluded in this prospective randomized controlled clinical trial. Following one-stage 
implant placement, test group implants (n = 10) received a permanent abutment 
and control group implants (n = 11) received a healing abutment. After 2 months 
of healing, control group implants underwent a prosthetic protocol involving im-
plant-level impressions and a two-time abutment disconnection and reconnection 
process prior to delivery of the definitive prosthesis. Test group implants underwent 
a prosthetic protocol involving abutment-level impressions without any abutment 
disconnection. Clinical parameters were recorded at 2 weeks, 2 months, 3 months, 
and 6 months, and marginal bone levels were assessed radiographically at implant 
placement, 3 months, and 6 months. The overall survival rate from implant place-
ment to the last follow-up visit was 100% for both groups. The mean marginal bone 
loss at the 6-month examination was 0.13 mm for test group implants and 0.28 mm 
for control group implants. There were no significant differences regarding changes 
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in peri-implant mucosal dimensions between the two groups. The authores con-
clued that implants receiving a final abutment at the time of implant placement 
exhibited minimal marginal bone loss and were similar to implants subjected to 
abutment disconnection and reconnection two times. Disconnection and recon-
nection of the abutment two times did not cause negative dimensional changes in 
the peri-implant mucosa (Koutouzis et al. 2013 ).
I.3.1 af) Abutment material
It was suggested that abutment material characteristics might influence the 
capability of soft tissue integration and subsequently, the stability of crestal bone loss 
around implants (Rompen et al. 2006). Titanium, gold, base metals, and zirconium 
or aluminum oxide ceramics are available for prosthetic abutment fabrication. Bio-
logic reliability of these materials has been analyzed in various experiments, ranging 
form in vivo tests to randomized clinical trials. Chemical composition of materials 
has shown to have an impact on various cell adhesion, migration and proliferation 
in laboratory environment (Chehroudi et al. 1991; 1992; Guy et al. 1993; Raisenen 
et al. 2000; Wiskott et al. 1999). However, in vitro experiments have limited clinical 
relevance and stronger evidence should be retracted from animal, human or clinical 
studies (Richards et al. 1997). The ability of prosthetic abutment material to influence 
peri-implant tissues can be characterized by two parameters, namely presence or ab-
sence of bone loss and mucosal recession. Classical animal study by Abrahamsson et 
al. 1998 showed that titanium and aluminum oxide ceramic abutments can develop 
stable bone level. Soft tissues adjacent to gold and porcelain-fused-to metal abut-
ments showed recession and significant crestal bone loss occurred; therefore it was 
concluded that their biocompatibility could be questioned. In contrast, a later study 
by Abrahamsson & Cardarpoli 2007 showed no difference between soft and hard 
tissue integration around gold alloy and titanium one-piece implants. One-piece im-
plants have abutment incorporated into the implant body, thus this experiment can 
also be treated as a titanium and gold alloy abutment assessment. The differenc-
es between two studies could be explained in terms of methodological disparity. 
The first study used two-piece implants of the Brånemark System (Nobel Biocare AB, 
Göteborg, Sweden). Methods included abutment disconnection and second stage 
surgery. The other experiment used custom made one-piece implants (Straumann®, 
AG, Waldenburg, Switzerland); therefore neither abutment disconnection nor second 
stage surgery were carried out. In addition one-piece implants bypassed the possible 
effect implant/abutment interface. It was stated earlier that abutment disconnection 
(Abrahamsson et al. 1997), second stage surgery with flap elevation (Gomez-Roman 
2001) and microgap (Ericsson et al. 1996) could cause crestal bone loss and/or soft tis-
sue recession. Kohal et al. 2004 conducted an animal study to compare titanium and 
zirconium abutments. The experiment showed that zirconium oxide integrated into 
peri-implant tissues no worse than titanium. Bone apposition did not differ statisti-
cally between compared specimens. These findings indicate the equal biocompati-
bility between zirconium oxide and titanium. However, as the study did not evaluate 
crestal bone changes, it can be perceived as a descriptive experiment. It should be 
noted that non-human primates used in the experiment resemble human oral anat-
omy and histology more than any other animals (Fritz et al. 1997), ensuring reliability 
of the study. To date, there are three published prospective randomized controlled 
clinical trials (Andersson et al. 1999; 2001; 2003), showing stable soft and hard tissues 
around aluminum oxide abutments. Bone loss did occur, but was not statistically 
different from control titanium abutments, for which biocompatibility was already 
proven decades ago (Adell et al. 1986). Nevertheless, it can be stated that aluminum 
oxide abutments indeed can develop a stable marginal bone in a clinical situation. 
Tooth-controlled experiment and uncontrolled prospective studies show that alumi-
num oxide abutments can develop stable peri-implant tissues similarly to titanium 
abutments (Glauser et al. 2004). Interesting conclusions came from the Vigolo et al. 
2006 experiment, which examined gold alloy and titanium abutments. There were 
no significant differences found between the two materials in terms of crestal bone 
stability. These findings could potentially change the prevailing opinion that gold, as 
an abutment material is responsible for crestal bone loss. This coincides with conclu-
sions of recent systematic review about the influence of prosthetic abutment material 
on soft peri-implant tissues and bone published by Linkevicius & Apse 2008. Interest-
ingly, zirconium oxide abutments were not compared to titanium abutments in any 
clinical trial, hence no considerations about superiority or inferiority of zirconium over 
titanium as abutment material could be made, at least in clinical level. However, there 
is some reliable data from tooth-controlled investigations. In a 4-year study Glauser 
et al. 2004 provided clear evidence demonstrating that zirconium oxide abutments 
caused favorable reaction of peri-implant bone. In conclusion, it can be stated that 
currently there is no sufficient evidence to state that titanium abutments perform 
better in maintaining stable peri-implant tissues, compared to gold, aluminum and 
zirconium oxide abutments.
I.3.1 ag) Other factors
 Peri-implantitis can be also considered as a factor in bone loss etiology. 
This disease is described as inflammatory lesion of peri-implant mucosa, including 
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loss of supporting bone. It is characterized by radiographic evidence vertical de-
struction of crestal bone, formation of peri-implant pocket in association with bone 
loss, bleeding on probing, suppuration, redness and swelling of peri-implant mu-
cosa, typically no pain. The causes for peri-implantitis development were related to 
presence of specific bacteria Aggregatibacter actinomycetemcomitans, Prevotella 
intermedia, Porphyromonas mucosalis and Treponema denticola (Luterbacher et 
al. 2000). Karousis et al. 2003; 2004; 2007) in systematic reviews and clinical stud-
ies has indicated that patients with history of periodontitis have increased risk to 
develop peri-implantitis related bone loss. In contrast, Yi et al. 2001 demonstrat-
ed that implants, supporting fixed prostheses for the rehabilitation of periodontally 
compromised dentitions, did not have larger amounts of bone loss, compared to 
healthy individuals. Although studies, investigating influence of prior periodontitis 
in development of peri-implantitis-related bone loss vary and very strict conclusions 
cannot be made, generally it is accepted that subjects with history of periodontitis 
are at greater risk for peri-implant disease. Lindquist et al. reported an association 
between poor oral hygiene and peri-implant bone loss at 10-year follow-up (Lind-
quist et al. 1996). However, Apse et al. 1991 study reported no correlation between 
oral hygiene status and crestal bone loss around osseointegrated implants after fol-
low-up period of 9-years. It must be reminded that usually peri-implant diseases may 
take years to develop, as in case of periodontitis and bone loss due to these causes 
is usually registered in later stage of implant loading. Thus, the relevance to early 
crestal bone loss of these two factors may be limited. Tarnow et al. 1992 raised the 
hypothesis that crestal bone stability may be dependent on interimplant distance, if 
two fixtures are placed adjacent to each other. Novaes et al. 2006 and de Oliveira et 
al. 2006 have demonstrated that crestal bone loss was not higher, if implants were 
located closer than 3 mm to each other. Some systemic factors were shown to influ-
ence crestal bone loss also. Galindo-Moreno et al. 2005 investigated the influence 
of alcohol and tobacco habits on peri-implant marginal bone loss. One hundred and 
eighty-five patients who received 514 implants were followed for 3 years. Multivariate 
analysis showed that peri-implant marginal bone loss was significantly related to a 
daily consumption more than 10 g of alcohol, tobacco use and increased plaque lev-
els and mucosal inflammation. It was of note that alcohol use induced greater mar-
ginal bone loss compared with tobacco use. Smoking, as another cause for crestal 
bone loss was considered by Fransson et al. 2008 comprehensive systematic review 
was published by Strietzel et al. 2007 with a conclusion that there is strong corre-
lation between crestal bone loss and daily smoking. However, it must be acknowl-
edged that systematic factors seem more to be related to late crestal bone loss and 
may have no strong relationship with marginal bone loss during first year of function. 
  II. ESTHETICS
The position of the facial soft tissue margin and the degree of soft tissue 
filling in the embrasure spaces lateral to implant-supported crowns are factors of 
concern in relation to the esthetic appreciation of implant-supported prostheses. 
Independent of implant geometry and insertion technique (1- or 2-stage proce-
dure), experimental as well as clinical studies showed that a soft tissue seal of about 
3-4 mm in height was established around the transmucosal part of the implant unit 
(Abrahamsson et al. 1996, Berglundh & Lindhe 1996, Cochran et al. 1997, Hermann 
et al. 2000, 2001, Kan et al. 2003b, Tarnow et al. 2003, Lee et al. 2006). Hence, the 
soft tissue topography at implant-supported restorations is likely to be a reflection 
of the peri-implant bone topography, and preservation of an optimal peri-implant 
bone height would be crucial for successful esthetic outcome.
    II.1 the perI-Implant soft tIssues and esthetIcs
Surgical techniques and prosthetic components in implant dentistry are con-
tinuously under development. Ceramics used for the crown have evolved to a level 
simulating natural teeth in all their physical and optical properties (Anusavice 1996, 
Conrad et al. 2007), and therefore crown form and soft-tissue profiles have become 
issues in focus with regard to the esthetic outcome of implant therapy (Spitzer et 
al. 1992, Boudrias 1993, Reikie 1993 & 1995, Garber 1995, Phillips & Kois 1998, Buser 
et al. 2004, Furhauser et al. 2005). 
There are two components of peri-implant soft tissues to consider in relation to 
esthetics: (i) the position of the soft tissue margin at the facial aspect of the crown since 
it will dictate clinical crown length and cervical form of the implant-supported crown; 
(ii) the degree of papilla fill in the embrasure spaces lateral to the implant-supported 
crown (Phillips & Kois 1998, Belser et al. 2004a).
II.1.1 Soft tissue dimensions at implant-supported restorations
The level of connective tissue attachment to the root and the height of the 
alveolar bone support define the position of the soft tissue margin around a nat-
ural tooth (Gargiulo et al. 1961, Wennström 1996). Based on data from a 2-year 
prospective study of implant-supported reconstructions in totally and partially 
edentulous patients, it was suggested that similar relationships may exist for the 
peri-implant soft tissues, i.e., that the soft tissue thickness and the level of bone 
support determine the height of the supracrestal soft tissue portion (Bengazi et al. 
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1996). Table 2 gives an overview of clinical studies that have assessed the soft tissue 
height at implant-supported restorations. The height of the soft tissues established 
around the transmucosal part of the implant unit ranged between 2.9 - 4.5 mm in 
the referred studies. Furthermore, patients with a thick periodontal biotype showed 
greater peri-implant mucosal dimensions than patients with a thin biotype (Kan et 
al. 2003b, Romeo et al. 2008). The width of keratinized mucosa at the facial site of 
implants was claimed to positively influence the papilla height in the inter-implant 
region (Lee et al. 2005). In addition, mucosal recession at the implant was reported 
to be greater when the width of the keratinized mucosa was narrow (Bouri et al. 
2008, zigdon & Machtei 2008, Kim et al. 2009). The interproximal soft tissue com-
pletely fills the embrasure space created by two approximating teeth, or by the 
tooth and the implant, or by two contiguous implants in the ideal esthetic situation 
(Takei et al. 1989, Phillips & Kois 1998, Buser et al. 2004b, Furhauser et al. 2005). A 
loss of the interproximal papilla causes an esthetic problem, so-called “black hole 
disease”, particularly for the restoration of a missing anterior tooth in the maxil-
lary jaw. The distance between the apical border of the contact area between the 
crowns and the proximal bone crest influences the papilla fill (Table 3a). Complete 
papilla fill was always found when the distance between the contact point and the 
bone crest was ≤ 5 mm (Tarnow et al. 1992). Further, with increased horizontal dis-
tance between the two teeth the prevalence of complete papilla fill decreased. 
Hence, for predictable soft tissue esthetics, square-shaped crown with broad and 
flat proximal surfaces and contact points positioned as gingival as possible were 
favored by restorative dentists (Phillips & Kois 1998, Mitrani et al. 2005). The height 
of the papillae between a single implant restoration and adjacent teeth is claimed 
to be related to the bone level, or rather the connective attachment level, at the 
tooth surfaces facing the implant (Kan et al. 2003, Palmer et al. 2007). Furthermore, 
the distance from the bone crest to the apical border of contact point between the 
single implant-supported crown and the adjacent tooth influences the probability 
of complete papilla fill (Table 3b). Hence, preservation of the support level at the 
tooth surface adjacent to the single implant is a key factor for the appearance of 
the papilla at the single implant-supported restoration. Whereas at the proximal 
sites of single implant restorations the level of the connective tissue attachment 
to the adjacent tooth surface may favor a more coronal position of the soft tissue 
margin (Kan et al. 2003, Palmer et al. 2007), at multiple implant-supported resto-
rations (Table 3c) the topography of peri-implant soft tissues is a reflection of the 
underlying bone crest and the establishment of a defined and required “biological 
width” of the supracrestal soft tissue barrier (Berglundh & Lindhe 1996, Cochran et 
al. 1997). Hence, complete papilla fill may only be established when the distance 
between the contact point and the bone crest is a maximum of 3 - 4 mm. Further, 
loss in height of the proximal bone crest may negatively affect the patient’s esthetic 
appreciation of the implant therapy, because concomitant with the alterations of 
the bone crest soft tissue recession may take place (Bengazi et al. 1996).
 Table 3 a) Inter-tooth units. Overview of studies investigating the influence of inter-tooth/implant-tooth/
inter-implant distance on the presence of papilla 
CeJ: Cementum-enamel junction
CPB: distance from the base of the contact point to the proximal bone crest
HITd: Horizontal inter-tooth distance
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  Table 3 b) Implant-tooth units. Overview of studies investigating the influence of inter-tooth/implant-tooth/
inter-implant distance on the presence of papilla. 
   CPB: distance from the base of the contact point to the bone crest
   CPBt: distance from the base of the contact point to the tooth bone level
   CPBi: distance from the base of the contact point to the implant bone level
   HITd: Horizontal implant-tooth distance
   VITd: Vertical implant-tooth distance
  Table 3 c) Inter-implant units. Overview of studies investigating the influence of inter-tooth/implant-tooth/
inter-implant distance on the presence of papilla. 
   CPB: distance from the base of the contact point to the bone crest
   HId: Horizontal inter-implant distance
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II.1.2 Peri-implant soft tissue conditions
As a compromise between esthetic and biologic principles, the rule “as 
shallow as possible, as deep as necessary” was recommended for the optimal 
apical-coronal positioning of the implant (Belser et al. 2004). Position and axial 
angulation of the implant are also related to the esthetic result (Boudrias 1993), 
and if the implant is placed too lingually, the crown has to be over contoured or 
ridge-lapped for esthetic reasons (Ekfeldt et al. 1994, Engquist et al. 1995), which 
in turn may complicate oral hygiene measures underneath the crown facing (Avivi-Ar-
ber & zarb 1996). In comparison to the marginal tissue conditions of contra-lat-
eral teeth, the soft tissue conditions around implant-supporting single crowns and 
bridges were found to be significantly worse in terms of pocket probing depth 
and bleeding on probing, while the plaque accumulation did not significantly differ 
(Brägger et al. 1997). In the Consensus Report of the Sixth European Workshop on 
Periodontology (Lindhe & Meyle 2008), the prevalence of peri-implant mucositis 
on the subject level was described to be about 80%, and peri-implantitis to vary 
between 28% and 56% depending on the criteria used to indicate peri-implant 
bone loss. In order to minimize the deteriorating effect of the plaque-associated 
diseases on peri-implant tissues, adequate means for infection control must be 
integral part of implant therapy.
II.1.3 Soft tissue alterations at implant-supported restorations
Alterations in the position of the soft tissue margin around implants can 
create esthetic problems such as a long clinical crown length and/or exposure 
of metallic abutments (Goodacre et al. 2003). Facial soft tissue recession often 
occurs shortly after abutment connection/crown placement (Bengazi et al. 1996, 
Small & Tarnow 2000, De Rouck et al. 2008), but subsequently remains relatively 
stable during various observation periods (Adell et al. 1986, Apse et al. 1991, 
Jemt et al. 1994, Bengazi et al. 1996, Andersson et al. 1998, Scheller et al. 1998, 
Grunder 2000, Kan et al. 2003, Priest 2003, Cardaropoli et al. 2006, Jemt et al. 
2006, Rompen et al. 2007, De Rouck et al. 2008). A thick mucosa (≥1 mm) at the 
mid-buccal aspect of implants was associated with less mucosal recession com-
pared with a thin mucosa (<1 mm) (zigdon & Machtei 2008). It was also claimed 
that the periodontal tissues at the adjacent teeth might have a positive influence 
on the soft tissue position at the single tooth implant (Avivi-Arber & zarb 1996), 
and that papilla fill may improve spontaneously (Jemt 1997, Grunder 2000, Carda-
ropoli et al. 2006, Cooper et al. 2007).
     II.2 perI-Implant bone crest alteratIons at Implant  
-supported restoratIons
Since the soft tissue topography at implant-supported restorations is likely 
to be a reflection of the peri-implant bone topography, preservation of the height 
of the peri-implant bone crest is crucial for the papilla height and fill in the embra-
sure space. In this respect, factors with a potential influence on the degree of bone 
crest resorption have to be considered.
II.2 a) Inter-unit distance
Radiographic evaluations of implants placed adjacent to teeth revealed that 
the inter-unit distance is a risk factor to consider with respect to marginal bone loss at 
the tooth. With respect to the vertical implant-tooth distance, more marginal bone loss 
at tooth surfaces facing implants was observed during the period between crown ce-
mentation and 1-year follow-up, if the single implant was positioned farther away from 
the cement-enamel junction of the adjacent tooth (Andersson et al. 1995). A review of 
studies investigating a potential correlation between the horizontal implant-tooth dis-
tance and bone level alterations (Table 4a) reveals that a majority of the studies shows 
an increased marginal bone loss with decreased tooth-implant distance.
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 Table 4a) Implant-tooth units. Overview of studies investigating the relationship between implant-tooth 
distance and bone level alterations. HITd: horizontal implant-tooth distance.
The horizontal distance between two implants may have an influence on 
the maintenance of the proximal bone crest level. It was shown in experimental 
and clinical studies that the inter-implant bone crest level shifted apically when 
the inter-implant distance decreased (Table 4b, c). Based on observations made 
in a cross sectional study, Tarnow et al. (2000) accredited the more apically located 
position of the bone crest between implants with less than 3 mm of inter-implant 
distance to the lateral component of the vertical bone loss to the first thread that 
is common at implants with a platform abutment connection. The proposed ex-
planation, however, was not supported by a 3-year longitudinal study of the same 
type of implants (Cardaropoli et al. 2003) in which multivariate analysis failed to 
identify lateral bone loss as a significant factor for longitudinal reduction of the 
inter-implant bone crest level. Furthermore, animal studies revealed no significant 
difference in mid-proximal bone crest resorption in relation to the horizontal dis-
tance between implants designed with a Morse cone connection and a platform 
switching (Novaes et al. 2006 a & b, De Oliveira et al. 2006). It was even claimed, 
based on observations of implants placed in the tibia of rabbits, that closely placed 
implants may favor bone growth between implants (Hatley et al. 2001). However, 
whether maintenance of the mid-proximal bone crest level may be related to the 
design of the implant-abutment interface needs to be documented in longitudinal 
studies. In addition, a bridge construction supported by multiple implants usually 
presents with two different proximal areas – tooth implant and inter-implant units – 
and the consequence of loss of peri-implant bone support for the bone crest level 
and the soft tissue topography might differ between the two types of proximal units 
because of a potentially positive influence on the maintenance of the bone height 
from the periodontal support at an adjacent tooth.
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 Table 4b) Inter-implant units – clinical studies. Overview of studies investigating the relationship between 
inter-implant distance and bone crest alterations. 
HId: horizontal inter-implant distance
BL: bone loss at the proximal bone crest
InTRODuCTIOnInTRODuCTIOn
PhD THESIS Célia Coutinho alvesPhD THESIS Célia Coutinho alves
Marginal bone and soft tissue behavior following platform switching abutment connection/ 
disconnection – a dog model study78
Marginal bone and soft tissue behavior following platform switching abutment connection/ 
disconnection – a dog model study 79
  Table 4c) Inter-implant units – experimental studies. Overview of studies investigating the relationship 
between inter-implant distance and bone crest alterations.
   HId: horizontal inter-implant distance
   CBR: crestal bone resorption between implants
   nS: non-submerged implant
   S: submerged implant
II.2 b) Implant design and surface characteristics
The magnitude of bone loss around an implant may vary depending on its 
design and surface topography (Malevez et al. 1996, Norton 1998, Hansson 1999, 
Lazzara & Porter 2006). A conical implant-abutment interface was shown to more ef-
fectively counteract the stress concentration at the level of the marginal bone than 
a platform interface (Hansson 2000, 2003), which in clinical studies was evidenced 
by a reduced bone resorption (Gotfredsen & Karlsson 2001, Engquist et al. 2002, 
Wennstrom et al. 2004). Other features of the marginal portion of the implant, e.g. sur-
face modifications/roughness (Hansson & Norton 1999), micro-threading (Hansson 
1999, Palmer et al. 2000, Shin et al. 2006) and platform-switching (Lazzara & Porter 
2006), may also be of significance for the maintenance of the peri-implant bone lev-
el. The Astra Tech ST implant®, which includes all these features, was in animal and 
human studies shown to cause minimal amount of peri-implant bone loss (Palmer 
et al. 2000, Wennström et al. 2005, Berglundh et al. 2005, Abrahamsson & Berglundh 
2006, Lee et al. 2007). However, whether the reduced peri-implant bone resorption 
might reduce the risk for bone loss at the adjacent tooth in case of a close relation-
ship to the implant has not been addressed in previous studies. In respect to the 
influence of abutment manipulation on the stability of the BW components, there 
are not many studies to focus this topic. At 2008 there were only 3 studies (Table 5) 
that have been published, 2 with animal histology (Abrahamsson et al. 1996, 1997) 
and 1 clinical retrospective study (Watson et al. 1998). In one dog model study with 5 
dogs and 10 implants, where the abutment was connected and disconnected 5 times 
along the 9 months of the study (Abrahamsson et al. 1996) there were found signifi-
cant differences in bone loss in test group (1.49mm) and in control group (0.78mm).
   - disconnection of healing abutment five times
 - disconnection of healing abutment once
  Table 5 Included studies describing influence of abutment manipulation (adapted from Tomas Linkevicius, 
Peteris Apse Stomatologija, Baltic dental and Maxillofacial Journal, 10:27-35, 2008)
Based on the previous background, it was suggested that healing abutment 
connection/disconnection as a part of prosthetic treatment results in disruption 
of the epithelial seal, causing bleeding and ulceration of the site. This mechanical 
disruption may be considered as an open wound or exposure of connective tissue, 
which may result in inflammatory responses and epithelial migration. The reestab-
lishment of biological width in a more apical position may be one of the factors 
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  RATIOnALe And
 HYPOTHeSIS
02that could explain initial crestal bone loss (Berglundh et al. 1997). Already in 2013, Rodrigez x et al. have designed an animal study with the aim of radiologically meas-ure the influence of abutment disconnection on bone resorption and to compare 
this influence on platform-switched vs. non-platform-switched implants. They con-
cluded that Implants with a platform-switching design show less peri-implant bone 
resorption during the healing process and as their abutments are disconnected, 
than do comparably dis/reconnected non-platform-switching implants (Rodriguez 
x. et al. 2013). Other prospective randomized controlled clinical trial published in 
2013 by Koutouzis et al. studied the effect of healing abutment disconnection and 
reconnection on soft and hard peri-implant tissues. The authores conclued that 
implants receiving a final abutment at the time of implant placement exhibited 
minimal marginal bone loss and were similar to implants subjected to abutment 
disconnection and reconnection two times. Disconnection and reconnection of the 
abutment two times did not cause negative dimensional changes in the peri-im-
plant mucosa (Koutouzis et al. 2013 ). So this study was designed in order to answer 
the question “Does abutment disconnection/connection (prosthetic manipulation 
with multi-base abutment) influence on the stability of biological width?” The 
main objective of this study was to evaluate radiographically (bone level), histolog-
ically (biological width components) and clinically (soft tissue level changes) varying 
only the stability of abutment connection during the standard Bone Level Strau-
mann® implant and prosthesis placement. 
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   RATIONALE AND HYPOTHESIS
• Soft tissue dimensions at implant-supported restorations have been de-
scribed but intra-individual comparison with those at contra-lateral natural teeth is 
lacking in the literature.
• Patient’s esthetic satisfaction with an implant-supported prosthesis is one 
of several success criteria used in implant therapy. Although the literature indicates 
that dentists and patients generally express a high degree of satisfaction with the 
esthetic outcome of single implant-supported crown restorations, there is a lack of 
information with respect to factors of significance for the esthetic satisfaction.
• A conical implant-abutment interface was shown to more effectively coun-
teract the stress concentration at the level of the marginal bone than a platform 
interface, which in clinical studies was evidenced by a reduced bone resorption. 
However, whether the reduced peri-implant bone resorption might reduce the risk 
for bone loss at the adjacent tooth in case of a close relationship to the implant has 
not been addressed in previous studies.
• At the replacement of multiple teeth with an implant-supported restora-
tion, the topography of the bone crest is crucial for the position of the soft tissue 
margin in the inter-implant area. Whether maintenance of the mid-proximal bone 
crest level may be related to the design of the implant-abutment interface needs to 
be documented in longitudinal studies.
Question: Does abutment disconnection/connection (prosthetic manipula-
tion with multi-base abutment) influence on the stability of biological width?
Hypothesis: It was suggested that healing abutment disconnection as a part 
of prosthetic treatment results in disruption of the epithelial seal, causing bleeding 
and ulceration of the site. This mechanical disruption may be considered as an 
open wound or exposure of connective tissue, which may result in inflammatory re-
sponses and epithelial migration. The reestablishment of biological width in a more 
apical position may be one of the factors that could explain initial crestal bone loss.
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  RELEVANCE AND NOVELTY OF THE STUDY
       
 It is well acknowledged that stability of crestal bone around implants plays 
a major role in implant longevity and esthetic outcome of treatment. Early crestal 
bone loss may have serious consequences around implants, positioned in anterior 
regions and in areas with very limited bone height. Thus, even loss of 1.5 mm may 
result in poor esthetics or dramatically disturbed bone-to-implant contact of a short 
implant. Thus, many studies presently aim and surely will focus in the future on 
determination of the clinical and technical solutions, which must be undertaken to 
prevent recession of hard tissues. Abutment time of connection/manipulation will 
always be a factor to be considered by clinician and its impact to overall treatment 
success is of utmost importance. There is a lack of research data regarding abut-
ment time of connection/manipulation influence on stability of crestal bone around 
implants. It appears that almost no clinical studies have been found in the literature 
on the topic and very few animal experiments evaluated this relationship. However, 
in light of evidence-based dentistry, results from animal studies cannot be directly 
attributed to clinical practice, they play a definitive role for the understanding of the 
processes in order to elaborate clinical trial.
  OBJeCTIVeS
03
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   OBJECTIVES
Primary objective of the study: 
To evaluate marginal hard tissue behavior histologically, varying the abut-
ment connection stability.
Secondary objectives of the study: 
a) To evaluate marginal hard tissue behavior radiologically, varying the abut-
ment connection stability. 
b) To evaluate soft tissue behavior histologically and clinically, varying the 
abutment connection stability.
 
  MATeRIAL And
MeTHOdS
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   MATERIAL AND METHODS
  I. MATERIAL
• 6 adult female Beagle dogs,
• 24 BL/Straumann® implants (Fig.7),
• 24 multi-base abutments (Fig.8),
• 12 healing abutments (Fig.9),
• 12 fixed metal bridges. 
    I.1 experImentatIon anImals 
The experimental study was conducted on a sample consisting of 6 Beagle 
dogs characterized for being castrated females and adults, with an average age of 
23 months and an average weight of 15 kilograms. During the study, the dogs were 
electronically identified by a chip number placed subcutaneously and its reading 
was done by an electronic reader. The experimental area was located at the level 
of the third (Pm3) and fourth (Pm4) premolar region in each side of the mandible 
(Fig.7a and 7b). 
 
    
 Fig.7a and 7b Clinical and radiographic picture of the experimental Pm3 and Pm4 regions.
   
Anatomical features (Hennet 1999) relevant of these premolars for their use 
on the development of this study are: 
1. The presence of two dental roots, one mesial and other distal (Fig.7b). 
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2. The buco-lingual and mesio-distal dimensions of the alveolar roots of the 
mandibular third premolar are smaller than the corresponding to the mandibular 
fourth premolar.
    I.2 dental Implants 
The implants used in the study were bone level (BL) implants (Straumann®, 
Basel, Switzerland) made of pure type IV biocompatible titanium showing a rough 
SLActive® surface (Sandblasted Large grit Acid etched). The dimensions of the 
implants included in the study were 3.3 mm in diameter and 8 mm in length (Fig.8).
Ø 3.3 mm
                8 mm
   
 Fig.8 Straumann® BL Implants (Ø 3,3 mm/8 mm)
    I.3 dental Implant abutments
The implant abutments used in the study were multi-base Narrow Cross-
Fit™ (NC) abutments (Straumann®, Basel, Switzerland) of 3.5 mm diameter, 1 mm 
height, made of pure type IV biocompatible titanium (Fig.9). These abutment were 
developed to screw retained multiple rehabilitations. Temporarily during osseoin-
tegration time and prosthesis confection phase there were used Bone Level conical 
Ø 3.6 mm healing abutments in control group implants (Fig.10) and multi-base 
abutments protective caps on test group implants (Fig.11).
Ø 3.5 mm
                      
  
1 mm
  
                  
 
 Fig.9 Straumann® Multi-base narrow CrossFit ™ (nC) abutments.
Ø 3.6 mm
                   
                                   
2 mm
 
 Fig.10 Straumann® Bone Level healing abutments.
Ø 3.6 mm
Ø 3.5 mm
 Fig.11 Straumann® multi-base narrow CrossFit ™ (nC) abutments protective cap.
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  II. METHODS
    II.1 anImals handlIng 
The experimental study was conducted during the year 2009 on a sample 
consisting of six Beagle dogs characterized for being castrated females and adults, 
with an average age of 23 months and an average weight of 15 kg. The handling 
of the animals was adjusted to Directive 86/609/EC on the approximation of laws, 
regulations and administrative provisions of the Member States regarding the pro-
tection of animals used for experimentation. Most of this policy is reflected in RD 
1201/05 on November 21, 2005. Dogs in the study were provided by the Veterinary 
Faculty of Córdoba and installed in the service of animal experimentation hospital 
clinical veterinary “RoF Codina” in the Faculty of Veterinary of Lugo from the Uni-
versity of Santiago de Compostela. Care and maintenance of the animals took place 
on the campus of Lugo from the University of Santiago de Compostela, following 
the signs marked by the manuals for the care and use of laboratory animals from 
the phase of acclimatization until the time of sacrifice (Palacín, 2001) (Gómez S.I. & 
Tendillo, 2001). The environmental conditions of temperature were 22 ± 2 ° C and a 
relative humidity between 50 - 70% on individual booths with 12:12 hours light/dark 
cycles. Food was with granulated feed throughout the experimental period and the 
water was administered ad libitum.
    II.2 experImental desIgn
    II.3 experImental procedure
II.3 a) 3 months previously: Teeth extraction
II.3 a. a) Anesthetic procedure 
Realization of surgery took place under general anesthetic and whole anes-
thetic procedure was under the supervision of the veterinary surgeon (Fig.12). The 
anesthetic Protocol (Hedenqvist & Hellebrkers, 2003) was as follows: 
1. The dogs were premedicated with acepromacina (0.05 mg/Kg./IM). 
2.  Pain control was carried out with the administration of morphine  
(0.3 mg/Kg./IV). 
3. The induction of anesthesia was performed with propofol (2 mg/kg). 
4.  Maintenance during surgery was done with isofluorano concentrations 
between 2,5 - 4%. 
During anesthetic dogs were monitored. Measured parameters were heart 
rate, breathing rate, oxygen saturation, respiratory expiratory carbon dioxide and 
blood pressure. 
  
 Fig.12 dogs prepared under general anaesthesia.
II.3 a. b) Surgical procedure 
According to the standards described for experimentación, animal surgery 
took place at surgical hospital clinical veterinary “RoF Codina” of the Faculty of 
veterinary of Lugo from the University of Santiago de Compostela that included the 
following separate areas: 
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1. Area for the preparation of the animals. 
2. Area for cleaning hands. 
3. Surgery room.
 4. Animals recovery area. 
5. Area for storage, washing and sterilization of instruments. 
Surgery room preserved the sterility and asepsis conditions necessary to 
carry out surgery and all surfaces that may come into contact with the surgeon, 
operators and/or sterile material were covered with sterile surgical drapes (Peñar-
rocha et al. 2001). The surgical team consisted of the master surgeon, two auxiliary 
operators and a veterinary surgeon. The surgical procedure was always performed 
by the same operator following the same surgery protocol. The veterinary surgeon 
took care of the dogs numbing process during surgery as well as during surgery re-
covery period. The preparation of the surgeon and his auxiliary operators included 
surgical hands brushing and sterile clothing. For the preparation of animals for sur-
gery, after being numbed, the animals were placed on the surgical table and were 
covered with sterile surgical drapes leaving discovered the surgical area (Fig.13). To 
enable the visibility of the surgical area a metallic open bite instrument was placed 
and supported on the contralateral upper and lower canine to maintain free access 
to surgical area.
  
 Fig.13 Aseptic preparation of the dogs for surgery.
Teeth extractions were made in 6 Beagle dogs in both sides of the pre-molar 
region (Fig.14). The surgical technique of the premolars extraction was similar in the 
control group and the test group. Both premolars were carefully removed, separat-
ing the roots by means of tooth hemisectioning with the use of a fissure bur and 
extracting them individually with elevators and forceps (Fig.15a and 15b).
   Fig.14 At time – 3 months of the study extractions of Pm3 and Pm4 were made in 
both sides of the 6 Beagle dogs.
   
  Fig.15a and 15b Hemisectioning of the Pm3 and Pm4 mesial and distal roots to facilitate 
extraction.
All the alveolus healed for a period of 12 weeks (0 months of the study) (Fig.16).
 Fig.16 All the alveolus healed for a period of 12weeks (0 months of the study).
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II.3 b) Implant placement
After 3 months of healing (12 weeks) the implants were installed. To perform 
the flap it was used a cold cut with a blade number 15C. Then, with the help of a 
periostotome Hu-Friedy® (Hu-Friedy®, Chicago, IL, USA), the surgeon began the 
dissection and subsequent lifting a full thickness flap (Fig.17). 
 Fig.17 Supracrestal incision to expose bone.
The surgical procedure for the preparation of the implants receptor bed 
was developed according to the standard procedure system of Straumann® (Strau-
mann ®, Basel, Switzerland) dental implants and consisted of the sequential use of 
specific surgical burs: 
1.  First, with a round bur 1.4 mm diameter (and subsequent greater diame-
ters) the position of the implant was marked before beginning setting up 
the implant (Fig.18). 
2.  Then, a perforation was performed with the pilot bur of 2.2 mm diameter, 
at 800 rpm, until reaching the depth of 8 mm and this position checked 
with the insertion of a depth gauge.
3.  The bone was then prepared with the 2.8 mm diameter bur drilling until 
depth of 8 mm, at 800 rpm (Fig.19). 
4.  Finally, a profile BL drill Ø 2.8 mm/Ø 3.3 mm was inserted in the implant 
bed previously prepared in order to adjust the cortical to the most coronal 
portion of BL implants.
For the finishing of the implant bed there were taken into account a number 
of factors recommended by the manufacturer in order to help reducing the trauma 
on bone tissue as described in the articles of Buser et al. (2000, 2004):
1.  Abundant external cooling solution of sodium chloride 0.9% (5 ° C). 
2.  Employment of instruments of increasing diameter and in good sharpen-
ing conditions. 
3.  The number of revolutions of the bur does not exceed the limit marked 
by the manufacturer. 
4.  Site preparation was conducted without excessive pressure and with inter-
mittent drilling movements. 
Once implant site preparation was completed, we proceeded to the mechan-
ical insertion of the Straumann ® BL implants (Straumann ®, Basel, Switzerland). 4 BL 
Ø 3.3 mm/ 8 mm SLActive® implants were placed (Fig.20-24) (2 in each side of the 
mandible – minimum 4 mm apart). The implant shoulder was left just at the level of 
cortical bone in all implants in both group test and group control. 2 multi-base NC 
abutments were then screwed in one side of the mandible (right side of dog #1,3,5 
and left side of dog #2,4,6 – test group) and 2 healing conical abutments were 
placed on the other side (control group) (Scheme 1; Fig.25 a, b, c and d). Both mul-
ti-base and healing abutments were screwed at 15N. Implants were allowed to heal 
non-submerged (Cochran 2000) in both groups. Finally, the flaps were sutured with 
absorbable material (Vicryl 4-0) through simple and independent sutures, in both 
groups. The perfect adjustment of the abutments was checked radiographically. 
Clinical parameters (Plaque Index, Bleeding Index, Recession, Buccal Keratinized 
Gingiva Height, Suppuration) were registered. 
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    Fig.18 Site preparation following the Straumann® BL 
implant placement protocol (spherical ø 3,2 mm drill).
     Fig.18 Site preparation following the Straumann® 
BL implant placement protocol (ø 2,8 mm twist drill).
    Fig.20 Site preparation following the Straumann® BL 
implant placement protocol (tapping instrument).
     Fig.21 Site preparation following the Straumann® BL 
implant placement protocol (BL ø 3,3 mm profile drill).
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                             Fig.22 BL ø 3,3 mm / 8 mm implant insertion.
                              Fig.23 Second BL ø 3,3 mm / 8 mm implant insertion 
(2 in each side of dogs mandible).
                 a         b
    
          
                 c         d
 Fig.24 a, b, c and d BL implant insertion (3d positioning checking).
          
                 a         b
    
          
                 c         d
   Fig.25 a, b, c and d 2 Straumann® multi-base nC abutments were screwed in one side 
of the mandible (a, b) and healing caps were placed on the other side (c, d).
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  Scheme 1 - 2 Straumann ® multi-base nC abutments were then screwed in one side 
of the mandible (right side of dog #1,3,5 and left side of dog #2,4,6 – test group) and 
2 healing conical abutments were placed on the other side  (control group).
II.3 b.a) Implant placement – Study Groups 
There were established 2 study groups as described (table 6):
1. Group control (Fig.26) – 12 Healing conical abutments connected to 12 
Straumann ® BL implants at time of surgery that would be unscrewed and screwed 
again for 5 times during the study time for prosthetic reasons (left side of dog #1, 3, 
5 and right side of dog #2, 4, 6).
2. experimental or Test Group (Fig.26) – 12 multi-base Narrow CrossFit™ 
abutments connected to 12 Straumann ® BL implants at time of surgery that would 
not be disturbed for all the duration of the study (right side of dog #1, 3, 5 and left 
side of dog #2, 4, 6).
 
 Table 6 Test Group – right side of dog #1,3,5 and left side of dog #2,4,6. Control Group – left side of dog 
#1,3,5 and right side of dog #2,4,6
  Fig.26 2 multi-base abutments were screwed on the right side of the mandible (Test Group) 
and 2 healing abutments were placed on the left side of the mandible (Control Group).
II.3 c) Impressions taking
After 6 weeks of implant placement, the recommended period for SLActive® 
surface implants osseointegration (Fig.27), the healing screws were totally unscrewed 
and impression copings were screwed. Impressions were taken direct to implant 
(Fig.28) or direct to the abutment on each case (Fig.29). Impressions were taken 
with an open personalized acrylic tray and 2 polivinilsiloxane materials (1 of reg-
ular viscosity on mouth and a putty soft viscosity in the tray) (fig 30, 31 and 32). 
Multi-base abutment (right side of dog # 1, 3, 5 and left side of dog # 2, 4, 6) were 
screwed definitely at 35N. Clinical parameters were registered along with abutment 
mobility cheking.
  Fig.27 Clinical situation after 6 weeks healing period – 2 Straumann® multi-base nC 
abutments were screwed in one side of the mandible and 2 healing caps were placed 
on the other side).
MATeRIAl AnD MeTHODSMATeRIAl AnD MeTHODS
PhD THESIS Célia Coutinho alvesPhD THESIS Célia Coutinho alves
Marginal bone and soft tissue behavior following platform switching abutment connection/ 
disconnection – a dog model study104
Marginal bone and soft tissue behavior following platform switching abutment connection/ 
disconnection – a dog model study 105
      
    
   Fig.28 Impressions were taken direct to implant shoulder on left side of dog #1,3,5 and 
right side of dog #2,4,6 (clinical and radiographic impression copings adaptation control).
 
    
                              
  Fig.29 Impressions were taken direct to multi-base abutments on right side of dog 
#1,3,5 and left side of dog #2,4,6 (clinical and radiographic impression copings adap-
tation control).
    
 Fig.30 Clinical picture of impression copings screwed in both sides of mandibule.
    
 Fig.31 Clinical picture of adaptation of personalized impression open acrylic tray.
  Fig.32 Impressions were taken with an open personalized acrylic tray and 2 polivinil-
siloxane materials (1 of regular viscosity on mouth and a putty soft viscosity in the tray).
II.3 d) Laboratory procedures
Two weeks of laboratory work was need to build up the metal framework 
for both sides of the 6 dogs. Working models were prepared by the laboratory ac-
cording to the impressions taken. These models reproduced precisely the clinical 
conditions in dog mandibles as in one side both implants presented at the shoulder 
level and the other side presented at the multi-base abutment level (Fig.33). In 
these late ones, all laboratory steps were done having as the starting point the 
multi-base abutment. On the other side 2 multi-base abutments were screwed to 
the implants in the model and the metal framework was built on top of it (Fig.34 a, 
b, c). 12 screw retained metal bridges were prepared (2 for each dog) respecting 
the anatomic form of dog teeth (Fig.35-38).
  Fig.33 Mandibular dog model reproduced precisely the clinical conditions in dog man-
dibles as in one side both implants presented at the shoulder level and the other side 
presented at the multi-base abutment level.
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  Fig.34 a, b, c On control side, 2 multi-base abutments were screwed to the implants in 
the model and the metal framework was built on top of it.
 Fig.35 Both sides of the dog mandible showing the framework wax-up.
 Fig.36 Both sides of the dog mandible showing 2 screw retained metal fixed bridges. 
  
    
  Fig.37 and 38 Screw retained metal bridges were prepared (2 for each dog) respecting 
the anatomic form of dog teeth. Occlusal contact checked on intercuspidation bite.
II.3 e) Clinical procedures
After 8 weeks of implant placement the 12 respective multi-base abutments 
on test group were not unscrewed and the metal prosthesis try-in was done (Fig.9 and 
40). On the control side, the healing abutments were removed and 12 new multi-base 
abutments (lot T 1721) were connected for the try-in of the metal prosthesis (Fig.41-
44). An ischemic marginal soft tissue where observed on the implant side were new 
multi-base abutments were screwed at this time (control group) (Fig.45 and 46), as 
well as at time of metal frame-work insertion, for opposition to the test group where 
no ischemic signal were clinically appreciated (Fig.47 and 48). Prosthesis adaptation 
were checked radiographically for all 12 bridges (Fig.49 and 50) and occlusal contacts 
were checked clinically with occlusal bite paper in order to correct any improper oc-
clusal contacts (Fig.51 and 52). In one bridge a premature contact was detect and 
corrected with a diamond bur (Fig.53). Clinical parameters were registered. 
  
  Fig.39 and 40 Teste side: only the protective caps of multi-base abutments were re-
moved. Multi-base abutments were left undisturbed. 
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  Fig.41, 42, 43 and 44 Control side: healing caps were removed and new multi-base 
abutments were screwed directly to implant.
  Fig.45 and 46 Test group: soft tissue clinical situation immediately after healing caps 
removal and metal framework insertion on test group.
   Fig.47 and 48 Control group: ischemic marginal soft tissue around implants was ob-
served on the side at the time that new multi-base abutments were screwed and also 
at time of metal framework insertion.
 Fig.49 and 50 Radiographic control of metal framework adaptation.
  Fig.51 and 52 Occlusal contacts were checked clinically with occlusal bite paper in 
order to correct any improper occlusal contacts. 
 Fig.53 Correcting an occlusal premature contact with a diamond bur.
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After 10 weeks of implant placement the 12 respective multi-base abut-
ments on test group were not unscrewed and a 2nd metal prosthesis try-in visit was 
done. This visit was designed in order to simulate clinical condition when some-
times a second metal framework is necessary after mal-adaptation of the first one. 
On the control side, the healing abutments were removed and 12 new multi-base 
abutments were connected for the try-in of the metal prosthesis. Clinical parame-
ters were registered. 
After 12 weeks of implant placement the 12 respective multi-base abutments 
on test group were not unscrewed and the bisc-bake prosthesis try-in was done. This 
visit was designed to simulate clinical situations were normally a bisc-bake try-in is 
necessary before definitive insertion of the prosthesis. On the control side, the heal-
ing abutments were removed and 12 new multi-base abutments were connected for 
the try-in of the metal prosthesis. Clinical parameters were registered. 
After 14 weeks the 12 respective healing abutments, on control side, were 
removed and the same 12 multi-base abutments were placed again at this time, 
in each dog, and screwed at 35N. The bridges were definitively screwed at 15N in 
each abutment (Fig.54 and 55) and its perfect fit checked radiographically (Fig.57). 
Screws access holes were filled with silicone (Fig.56). Plaque control has been per-
formed for every dog 3 times a week with a toothbrush and toothpaste. Clinical 
parameters were registered.
  
  Fig.54 and 55 Test (left picture) and control (right picture) groups after definitive inser-
tion of prosthesis at week 14.
 Fig.56 Screws access holes were filled with silicone.
 Fig.57 Rx control at time of definitive prosthesis delivery.
After 6 months of implant placement clinical parameters (bleeding index, 
plaque index, probing depth, recession) were registered and all of the 12 bridg-
es were removed (not the multi-base abutment in both sides) for cleaning control 
(Fig.58 and 59). The bridges were definitively screwed again at 15N in each side and 
checked radiographically.
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  Fig.58 and 59 Clinical picture at 6 months after prosthesis insertion, just before un-
screwing it for cleaning control (control and test groups).
At 9 months after implant placement and 6 months after prosthesis inser-
tion periapical x-Rays (Fig.60 and 61) were taken of both sides of all 6 dogs and 
clinic parameters were registered. 
     
  Fig.60 and 61 Rx control at 9 months of implant placement, 6 months after definitive 
prosthesis insertion.
II.3 f)  Post-operative care 
Post-operative care after surgery was carried out an exhaustive control of 
each of the dogs, establishing an antibiotic therapy with amoxicillin (22mg/Kg./
BID/PO) during the first week. From the second week of healing a plaque con-
trol protocol was carried out brushing their teeth and the implants three times a 
week with soft manual brush (Vitis ® Ultrasuave Dentaid S.A., Barcelona, Spain). 
This plaque control protocol was carried out for the next 9 months the study lasted.
II.3 g) Animals Sacrifice 
Animal’s sacrifice was carried out by anesthetic overdose with intravenous 
sodium pentobarbital (Abbott Laboratories, Chicago, IL, USA) by following the 
detailed protocols in handling and sacrifice of laboratory animals (Gómez S.I. & 
Tendillo, 2001). Block sections including all mandibles were prepared, and then 
sectioned again in order to obtain two hemi-mandibles for each dog that were then 
introduced in 10% formalin for its fixation.
    II.4 clInIcal records 
II.4 a) Clinical records at day 0 
Immediately prior to implant placement it was always taken a preoperative 
intraoral x-ray to the zone that was going to be intervened in order to know the 
anatomical characteristics of the zone. Parallel technique with a team of intraoral 
x-ray Trophy CCx digital ® was used for radiographic registration decision. The 
parameters and values that were selected on the computer to perform x-rays were: 
t/s 0.08; tooth 71/72; (f) 2.
The following clinical parameters were evaluated 3 months after extraction 
at day 0 (implant placement) of the study using a periodontal CP15 Hu-Friedy® 
(Hu-Friedy, Chicago, IL, USA) (mm):
1. Dog’s identification microchip (Fig.62)
  Fig.62 dog’s identification microchip.
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2. Buccal marginal mucosa thickness
The thickness of the buccal marginal mucosa in each implant site develop-
ment region (Pm3 and Pm4) of test and control sites was registered. It was meas-
ured with the same millimeter probe Hu-Friedy ® (Hu-Friedy, Chicago, IL, USA).
3. Lingual marginal mucosa thickness
The thickness of the lingual marginal mucosa in each implant site develop-
ment region (Pm3 and Pm4) of test and control sites was registered. It was meas-
ured with the same millimeter probe Hu-Friedy ® (Hu-Friedy, Chicago, IL, USA). 
4. Implant insertion torque (Fig.63).
The implant insertion torque presented by the electronic panel of micromo-
tor at time of final implant installation was registered.
 
                              Fig.63 Torque registation was done after implant insertion.
5. Distance between implants (Fig.64).
  Fig.64 distance between implants measured with a CP15 periodontal probe Hu-Friedy® (Hu-
Friedy, Chicago, IL, USA) (mm).
6.  Buccal Keratinized Gingiva Height – distance from buccal gingival margin 
to mucogingival line (Fig.65a and b).
    
  Fig.65a and 65b Buccal keratinized tissue measurements with a CP15 periodontal probe Hu-Friedy® 
(Hu-Friedy, Chicago, IL, USA ) (mm) – a – test group; b – control group.
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7. Buccal distance from gingival margin / top healing abutment (Fig.66).
   Fig.66 distance between top of healing abutment and gingival margin measured with a CP15 
periodontal probe Hu-Friedy® (Hu-Friedy, Chicago, IL, USA (mm).
8. Buccal distance multi-base shoulder/ bone crest.
9. Buccal distance multi-base shoulder/ bone crest
10. Multi-base abutment connection side (test group) (Fig.67).
   Fig.67 Multi-base abutment connection (test group).
11. Implant references
All clinical records were collected and registered in a table as is shown in 
table 7 for day 0 records.
  Table 7 Clinical measurements on day 0 (implant placement) (mm).
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II.4 b) Clinical records at 6 weeks
After 6 weeks healing period (osseointegration period), clinical records reg-
istration and implant’s impression taking were done. Records were made in the 
operating room of the clinical veterinary “RoF Codina” Lugo veterinary school hos-
pital. Animals were anesthetized by following the same anesthetic procedure for 
the day of implant placement. All clinical records were always done by the same 
operator who was blind to the group that belonged to each of implants (test group / con-
trol group). Clinical records were taken in both groups according to the sequence 
described in the study of Buser et al. (1990):
1. Plaque index (Mombelli et al. 1987) was measured with a manual millime-
ter periodontal probe Hu-Friedy ® (Hu-Friedy, Chicago, IL, USA) on surfaces mesial, 
vestibular, distal and lingual of implants may get the following values:
0 : If passing the probe on the surface to examine, plaque is not detected. 
1 : If plaque is detected only passing the probe from one side to the other 
2 : If plaque is visible to the naked eye. 
3 : If there is abundance of soft matter.
2. Bleeding index (Mombelli et al. 1987) was measured in mesial, vestib-
ular, distal and lingual surfaces of implants with a manual millimeter periodontal 
probe Hu-Friedy® (Hu-Friedy, Chicago, IL, USA), passing it by the gingival sulcus 
surrounding the gingiva around implants. Four different values could be registered 
according to the reaction of the gingiva v to the probe: 
0 : If there was no bleeding. 
1 : If isolated blood points are detected. 
2 : If a line of blood forms on the gingival margin.   
3 : If there is profuse bleeding. 
3. Recession was measured taking into consideration the distance between 
implant shoulder (control group) or multi-base abutment shoulder (test group) to 
the buccal marginal gingiva position, after removing Straumann® healing cup or 
Straumann® multi-base Narrow CrossFit ™ (NC) abutments cover protection. This 
distance was measured with a manual millimeter periodontal probe Hu-Friedy® (Hu-
Friedy, Chicago, IL, USA) on buccal surface (Fig.68).
   Fig.68 distance between implant shoulder and buccal gingival margin (recession) – control group.
4. Buccal Keratinized Gingiva Height – distance from buccal gingival margin 
to mucogingival line (Fig.69).
  Fig.69 Buccal keratinized tissue measurements with a CP15 periodontal probe Hu-Friedy® (Hu-
Friedy, Chicago, IL, USA (mm) – control group.
5. Suppuration – inspection of clinical signs of suppuration exudate directly as-
cending from the peri-implant sulcus. Slight digital pressure from apical to coronal was 
applied on the marginal gingiva around implants both from test and control groups.
6. Abutment mobility – clinical inspection of minor signs of Straumann® 
multi-base Narrow CrossFit ™ (NC) abutments.
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II.4 c) Clinical records at 8 weeks
At 8 weeks after implant placement and 2 weeks after impressions taking, 
the same clinical records were taken in the operating room of the clinical veteri-
nary “RoF Codina” Lugo veterinary school hospital. Animals were anesthetized by 
following the same anesthetic procedure for the day of implant placement. All the 
clinical records were done by the same operator who was blind to the group that 
belonged to each of implants (test group / control group). Same clinical records 
were taken in both groups according to the sequence described at 6 weeks: Plaque 
Index, Bleeding Index, Recession, Buccal Keratinized Gingiva Height, Suppuration 
and Abutment Mobility. The passive fit of the multi-base Narrow CrossFit™ abut-
ment; straight of 1mm height as well as of the metal framework was check radio-
graphically. On metal framework rehabilitation of dogs # 3 Pm3 Right and # 5 Pm3 
Right occlusal adjustments were done in order to remove occlusal prematurity on 
the metal framework.
II.4 d) Clinical records at 10 weeks
At 10 weeks after implant placement and 2 weeks after metal framework 
try-in, the same clinical records were made in the operating room of the clinical vet-
erinary “RoF Codina” Lugo veterinary school hospital. Every metal framework was 
checked radiographically in order to assure perfect adaptation and register crestal 
marginal bone behavior during study time. This phase was designed in order to 
simulate clinical condition were sometimes a second metal framework is necessary 
after mal-adaptation of the first one. Clinical parameters were registered.
II.4 e) Clinical records at 12 weeks
This visit was designed to simulate clinical situations were normally a bisc-
bake try-in is necessary before definitive insertion of the prosthesis. At 12 weeks 
after implant placement and 2 weeks after 2nd metal framework try-in, the same 
clinical records were made in the operating room of the clinical veterinary “RoF 
Codina” Lugo veterinary school hospital. Every metal framework was checked ra-
diographically in order to assure perfect adaptation and register crestal marginal 
bone behavior during study time. Occlusal checking was done on every rehabilita-
tion (test and control group). Clinical parameters were registered.
II.4 f) Clinical records at 14 weeks
At 14 weeks after implant placement, 2 weeks after bisc-bake try-in, the 12 
respective healing abutments on control side were removed and the 12 multi-base 
abutments were placed again at this time, in each dog, and screwed definitely at 
35N. The bridges were definitively screwed at 15N in each abutment and its perfect 
fit checked radiographically. All the clinical records were, again, done by the same 
operator who was blind to the group that belonged to each of implants (test group 
/ control group). Same clinical records were taken in both groups according to the 
sequence described at 6, 8, 10 and 12 weeks: Plaque Index, Bleeding Index, Reces-
sion, Buccal Keratinized Gingiva Height, Suppuration and Abutment Mobility.
II.4 g) Clinical records at 6 months (hygiene control visit)
At 6 months after implant placement, almost 3 months after final prosthesis 
delivery, clinical records were, again, done by the same operator who was blind to 
the group that belonged to each of implants (test group / control group). Only the 
prosthetic rehabilitations were unscrewed in both test and control groups for clean-
ing. The NC multi-base abutment abutments for both test and control groups were 
left in place and checked for any sign of unscrewing. Clinical records were taken 
in both groups according to the sequence described at 6, 8, 10, 12 and 14 weeks: 
Plaque Index, Bleeding Index, Recession, Buccal Keratinized Gingiva Height, Sup-
puration and Abutment Mobility.
II.4 h) Clinical records 9 months after implant placement (6 months after 
prosthesis insertion)
At 9 months after implant placement, 6 months after final prosthesis delivery, 
clinical records were, again, done by the same operator who was blind to the group 
that belonged to each of implants (test group / control group). Only the prosthetic 
rehabilitations were unscrewed in both test and control groups. The NC multi-base 
abutments for both test and control groups were left in place and checked for any 
sign of unscrewing. Clinical records were taken in both groups according to the 
sequence described at 6, 8, 10, 12, 14 weeks and 6 months: Plaque Index, Bleeding 
Index, Recession, Buccal Keratinized Gingiva Height, Suppuration and Abutment 
Mobility. Animals sacrifice was done afterwords.
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    II.5 radIographIc records 
Postoperative x-rays of the experimental area with parallel technique 
were done respecting the same technical conditions described in the preopera-
tive x-ray. This x-ray allowed us to browse the position and direction of implants 
placed and its relationship with the adjacent teeth roots as well as to take measure-
ments (Buser et al. 2004) and also marginal radiographic bone level during the 
study. No radiographic measurements were done comparing x-rays concerning 
the fact of the enormous bias that could have been introduced at time of x-ray 
film positioning in each visit. x-rays were just checked for major bone crest or 
bone osseointegration failing in each visit to corroborate then with both clinical 
and histometric findings (Fig.70 a, b).
  Fig.70a and 70b Post-surgical x-ray (a – test group, b – control group).
    II.6 hIstologIcal preparatIon of samples 
Histological preparation of the samples was conducted in the laboratory of 
the hospital clinical veterinary “RoF Codina” of the Faculty of veterinary of Lugo 
from the University of Santiago de Compostela. The samples were processed for 
study using techniques including methacrylate described by Donath (1993), per-
forming the following steps:
  II.6.1 Fixation
Fixation of the samples was done via its immersion in formalin 10% over 
a period of two weeks. Due to the large size of the hemi-mandibles they were 
sectioned in smaller blocks with the help of a band saw (Exakt 300) System (Apa-
ratebau GMBH, Hamburg, Germany). An x-ray of each hemi-mandible was taken 
and marked with reference lines to do sections. Lines marked by mesial and distal 
premolar, second by distal of the implant from the third premolar (Pm3) and distal 
of the implant fourth premolar (Pm4).
Obtained bone blocks were identified with four digits as so: 
1. The first digit indicates to which dog belongs the bone block and it can 
be 1, 2, 3, 4, 5 or 6. 
2. The second digit indicates to which side of mandible belongs block, L for 
the left side and R for the right. 
3. The third digit indicates which premolar was present in the bone block 
and can be 3 or 4 as referred to in the third or fourth premolar. 
4. The fourth digit indicates the location, if it is mesial 1 and 2 if distal. 
These blocks remained in formalin to 10% until complete the process of 
fixation (Fig.71).
 Fig.71 Bone blocks fixated in 10% formalin.
II.6.2 Dehydration 
The dehydration was conducted by passing successively the bone blocks by 
different concentration alcohols under constant agitation (Fig.72), as follows: 
• 70% alcohol during three days
• 80% alcohol during three days
• 96% alcohol during three days
• 100% alcohol during three days
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 Fig.72 different alcohol concentration: under constant agitation.
II.6.3 Plastic infiltration 
The plastic infiltration was done mixing glicometacrilate (Technovit 7200®, 
VLCHeraus Kulzer GMBH, Werheim, Germany) and benzoyl peroxide (BPO®: Her-
aus Kulzer GMBH, Werheim, Germany) with 1% ethyl alcohol at various concentra-
tions, ending with two pure glicolmetacrilate infiltrations, under constant agitation 
by the dehydration and infiltration system (Exakt 510® – Dehydration & Infiltration 
system, Aparatebau GMBH, Hamburg, Germany) (Fig.73) according to the follow-
ing procedure: 
• Technovit 7200® + BPO: alcohol ÷ (30:70) for three days. 
• Technovit 7200® + BPO: alcohol ÷ (50:50) for three days. 
• Technovit 7200® + BPO: alcohol ÷ (70:30) for three days. 
• Technovit 7200® (100) for three days. 
• Technovit 7200® (100) for three days in vacuum.
 Fig.73 exakt 510 ® – dehydration & Infiltration system.
 II.6.4 Inclusion and polymerization
  To perform its inclusion the samples were introduced in polyethylene 
molds, which were subsequently filled with resin (Technovit 7200 ®, VLCHeraus 
Kulzer GMBH, Werheim, Germany) under the effect of the vacuum unit re-infiltration 
(Exakt 530-re-infiltration Unit®, Aparatebau GMBH, Hamburg, Germany) (Fig.74).
 Fig.74 exakt 530-re-infiltration Unit®
Polymerization took place in the polymerization unit by light (Exakt 520 Light 
Polymerisation Unit®, Aparatebau GMBH, Hamburg, Germany) and was developed 
in three steps: 
1. First it was used a low-intensity light and the molds were kept at temper-
ature under 40ºC for the resin to polymerize extensively. This step took four hours. 
2. Secondly a blue high-intensity light was used so the methacrylate includ-
ed inside the tissues resulted and could also be completely cured. This step lasted 
for approximately 12 hours. 
3. Finally, molds remained in the oven during 24 hours so that benzoyl per-
oxide ended its polymerization process. 
Finished polymerization the block was extracted from the mold and an x-ray 
was taken in which there were marked reference lines to perform preliminary cuts 
to get closer the interest areas towards the block surface. The cuts were conducted 
with a saw band (Exakt 300 System (Aparatebau GMBH, Hamburg, Germany), at low 
speed and under cooling to avoid overheating of the sample and tissue damage.
II.6.5 Preparation of the block to get a parallel surface 
Once cured, the block was removed from the mold. The next step was to 
make a rough cut to approximate the area of  interest near the surface of the block. 
This was done with the help of a band saw (Exakt 300 CP) and irrigating to prevent 
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overheating of the sample, which could deteriorate the tissue surrounding the im-
plant. Then, to preserve the parallelism of the cuts to be made, blocks were assem-
bled in an acrylic sheet using a self-curing resin (Technovit 4000®, Heraus Kulzer 
GMBH, Werheim, Germany) by using a vacuum adhesive press (Exakt 401® – Vac-
uum Adhesive Press, Aparatebau GMBH, Hamburg, Germany) (Fig.75), which held 
the acrylic sheet to the top of the press. The resin was spread over the back of the 
block, so that the part being examined could contact with the bottom of the press 
bonding. When completed the block polymerization it was ready to be polished.
 Fig.75 exakt 401® Vacuum Adhesive Press.
II.6.6 Preparation of the surface of interest 
The next step was polishing of the area of interest of the sample with the 
help of abrasive paper number 1200. This process was completed when all seg-
ments of the tissue to be studied were exposed on the surface. Next, to eliminate 
possible resin bubbles, the surface was re-infiltrated with resin and its subsequent 
polymerization on the infiltration unit (Exakt 530-re-Infiltration Unit, Aparatebau 
GMBH, Hamburg, Germany). After this process, with the help of the photo-adhe-
sive press (Exakt 402-Adhesive Presses, Aparatebau GMBH, Hamburg, Germany) 
(Fig.76 a and b) and a specific resin (Technovit® 7210, Heraus Kulzer GMBH, Wer-
heim, Germany) the surface to study was stuck definitely in the final holder.
     
 Fig.76 a and b exakt 402 Adhesive Presses.
Then, using a band saw (Exakt 300 System, Aparatebau GMBH, Hamburg, 
Germany) (Fig.77) and vacuum sample holder, it was preliminary obtained a fine 
section 200 micra roughly cut that was subjected to a micro abrasion (Exakt 400 
CS-Micro Grinding System®, Aparatebau GMBH, Hamburg, Germany) (Fig.78) and 
polishing with 1200 and 4000 silicon carbide paper. At the end it resulted bucco-lin-
gual sections of approximately 30 microns thick. 
 Fig.77 and 78 exakt 300 System and exakt 400 CS-Micro Grinding System®.
II.6.7 Staining 
Each histological cut was stained with the method of Lévai-Laczkó whose 
steps are as follows:
1. Submersion in hydrogen peroxide at 30 % for five minutes with constant 
movement. 
2. Washing with tap water twice. 
3. Descalcification of the surface with acetic acid for 1 minute. 
4. Washing with tap water twice.
5. Submersion in A solution (a part of Azur II and a part of methylene blue for 
two parts of Na2CO3 (1%)) for 20 minutes. 
6. Washing with tap water twice.
7. Submersion in “Pararosanilina” for five seconds. Sections must immerse 
individually in this stain.
8. Washing with tap water and drying.
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    II.7 hIstometrIc analysIs of the samples
Samples were processed with Olympus® DP12 imaging equipment that was 
attached to the optical microscope Olympus® CH30 and stereo-microscope Olym-
pus Szx9 (optics Olympus DF PLAPO 1x-2) (Fig.79).
 Fig.79 digital camera Olympus dP12 coupled to the Olympus SZx9.
On scanned images of histological samples with Olympus MicroImage version 
4.0 for Windows software, stereomicroscopes identified points of interest and meas-
urements were conducted to study directly on the computer monitor. The researcher 
who conducted measurements was blind to the group that belonged to each sample.
The following histological parameters were analyzed for the 24 implants (4 
implants per dog – 2 test group; 2 control group) both buccally and lingually (Fig.80):
a) S-BC – Distance from the shoulder of multibase abutment to the bone crest.
b) S-BIC – Distance from the shoulder of multibase abutment to the first 
bone implant contact.
c) PM-BIC – Distance from the peri-implant margin to the first bone implant 
contact.
d) PM-aBE – Distance from the peri-implant margin to the apical end of the 
barrier epithelium.
e) aBE-BIC – Distance from the apical end of the barrier epithelium to the 
first bone implant contact, or rather the length in mm of the connective tissue of 
the peri-implant mucosa.
f) PM-BC – Distance from the peri-implant margin to the bone crest.
g) S-PM – Distance from the shoulder of multibase abutment to the peri-im-
plant mucosal margin.
h) BC buc – BC lin – difference between buccal bone crest and lingual bone crest. 
 
  Fig.80 Landmarks used for the histometrical measurements. PM – peri-implant mucosal margin; 
aBe – apical endo of the barrier epithelium; S – multibase abutment shoulder; BIC – first bone-
to-implant contact; BC – bone crest. Undecalcified ground B-L section, surface stained with Levai 
Laczkó – 1 mm magnification). 
S
BC buccal
PM
aBe
BC lingual
BIC
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    II.8 statIstIcal analysIs 
Average results across similarly treated implants in the same dog were calcu-
lated. Descriptive analysis was produced for each variable (mean values, standard 
deviation, median). Nonparametric Wilcoxon test was applied to evaluate histo-
metric variables being S-BIC determined as the primary variable of this study. To 
evaluate clinical parameters of the study (recession and keratinized gingiva height), 
multivariate models of generalized estimation equations (GEE) were applied, with 
the identity as connection function, being assumed a linear evolution in time. This is 
a method that allows the examination of repeated or longitudinal measures, taking 
into account that the measurements in the same individual over time are correlat-
ed. The advantage of this method is that provides consistent estimated values of 
the parameters associated with covariates in the model. It was used a significance 
level of 0.05 for all tests of hypothesis. The analysis was carried out using the SPSS” 
v.19.0. statistical analysis program (IBM SPSS v.19.0. statistic program done at CIDES, 
Oporto Faculty of Medicine, Oporto, Portugal).
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  RESULTS
  I. CLINICAL RESULTS
    I.1 clInIcal results at day 0 (Implant InsertIon day)
  Table 7 Clinical measurements on day 0 (implant placement) (mm).
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    I.2 clInIcal results at 6 weeks
  Table 8 Clinical measurements at 6 Weeks (mm).
    I.3 clInIcal results at 8 weeks
  Table 9 Clinical measurements at 8 Weeks (mm). * Occlusal trauma on the healing cup 
– occlusal adjustments were done at the time.
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    I.4 clInIcal results at 10 weeks
  Table 10 Clinical measurements at 10 Weeks (mm). 
 
    I.5 clInIcal results at 12 weeks 
  Table 11 Clinical measurements at 12 Weeks (mm).
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    I.6 clInIcal results at 14 weeks
 
 Table 12 Clinical measurements at 14 Weeks (mm).
               
    I.7 clInIcal results at 6 months (hygIene control vIsIt)
 Table 13 Clinical measurements at 6 months (mm).
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     I.8. clInIcal results 9 months after Implant placement and 
6 months after prosthesIs InsertIon 
 Table 14 Clinical measurements at 9 months (mm).
     I.9 clInIcal data statIstIc analysIs
Twenty-four implants were placed in six dogs. One hundred percent implant 
and prosthesis survival were found at the end of the study. No adverse events oc-
curred related to surgical or prosthetic protocol in any of the specimens, neither in 
test nor in control groups. No modification from the original experimental protocol 
was necessary. No health problems occurred to any of the animals until the time of 
sacrifice. Thus, all of the implants and all of the animals were available for analysis 
at the end of the study period. No clinical signs of suppuration neither radiographic 
signs of peri-implantitis were found at any of the scheduled visits of the study in 
both groups. At no visit, did the abutments (test group) or the healing abutments 
(control group) show any sign of mobility. At the 6 months cleaning control, none of 
the definitive prosthesis showed any sign of mobility. 
All clinical parameters analyzed on five consecutive visits (Recession, kerati-
nized gingiva height, bleeding index, plaque index,) were registered on tables 15 
(descriptive analysis) and 16 (comparison between test and control groups).
 
 Table 15 Clinical data: descriptive analysis.
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 Table 16 Clinical data: comparison between test and control groups.
Applying multivariate models of generalized estimation equations (Gee) 
to clinical parameter such as Recession (Table 17) and Keratinized Gingiva (KG) 
(Table 18), there was found statistical significant differences between control and 
test groups only for parameter recession. There was found that control group (the 
group where the multibase abutments were not connect at time of implant place-
ment – day 0) presented 0.57 mm more recession than the test group, which rep-
resents a statistically significant difference between the two groups (p < 0.001). 
No other clinical parameter analyzed on five consecutive visits (bleeding 
index, plaque index, keratinized Gingiva height) showed any statistical significant 
difference between test and control groups.
 Table 17 Gee model for clinical parameter Recession.
 Table 18 Gee model for clinical parameter Keratinized Gingiva.
  II. RADIOGRAPHIC RESULTS – POST-OPERATIVE x-RAY 
Post-operative x-rays of the intervened area with parallel technique were 
done respecting the same technical conditions described in the pre-operative 
x-ray. This x-ray allowed us to browse the position and direction of implants placed 
and its relationship with the adjacent teeth roots and marginal radiographic bone 
level during the study. No radiographic measurements were done comparing x-rays 
concerning the fact of the enormous bias that could have been introduced at time 
of x-ray film positioning in each visit. x-rays were just checked for major bone crest 
or bone osseointegration failing in each visit to corroborate then with both clinical 
and histomorphometric findings. No major bone crest or bone osseointegration 
failing signed were detected on both groups during all the study (Fig.81a and 81b).
     
  Fig.81a and 81b Radiographic periapical control at 9 months of the study (a – test group; 
b – control group).
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  II. HISTOLOGICAL RESULTS  
  
Histological examination of the implant samples revealed that the peri-im-
plant mucosa was covered by a keratinized oral epithelium, which in the marginal 
border connected with a thin barrier epithelium of a few cell layers thickness and 
an underlying organized connective tissue. Similar observations were found for test 
and control groups. Biological width soft tissue components were clearly observed 
and preserved during histological samples preparation (Figs.82-87). Osseintegra-
tion was histologically observed for all implants, both test and control groups. No 
unscrewed multi-base abutments were found. All 24 implants were suitable for 
histometric analysis.
                                                   
                           B              a) Test side              L                     L               b) Control side        B
 Fig.82 a, b dog 1 – Histological preparation of test (a) and control (b) side implants (B – buccal, L – lingual). 
Undecalcified ground sections, surface stained with Levai Laczkó– 1 mm magnification.
                           B              a) Test side              L                     L               b) Control side        B
 Fig.83 a, b dog 2 – Histological preparation of test (a) and control (b) side implants (B – buccal, L – lingual). 
Undecalcified ground sections, surface stained with Levai Laczkó– 1 mm magnification.
                           B              a) Test side              L                     L               b) Control side        B
 Fig.84 a, b dog 3 – Histological preparation of test (a) and control (b) side implants (B – buccal, L – lingual). 
Undecalcified ground sections, surface stained with Levai Laczkó– 1 mm magnification.
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                           B              a) Test side              L                     L               b) Control side        B
 Fig.85 a, b dog 4 – Histological preparation of test (a) and control (b) side implants (B – buccal, L – lingual). 
Undecalcified ground sections, surface stained with Levai Laczkó– 1 mm magnification.
                           B              a) Test side              L                     L               b) Control side        B
 Fig.86 a, b dog 5 – Histological preparation of test (a) and control (b) side implants (B – buccal, L – lingual). 
Undecalcified ground sections, surface stained with Levai Laczkó– 1 mm magnification.
                           B              a) Test side              L                     L               b) Control side        B
 Fig.87 a, b dog 6 – Histological preparation of test (a) and control (b) side implants (B – buccal, L – lingual). 
Undecalcified ground sections, surface stained with Levai Laczkó– 1 mm magnification.
Histological parameters (S-BC; S-BIC; PM-BIC; PM-aBe; aBe–BIC; PM-BC; S-PM; 
BC buc – BC lin) measurements of the 24 implants (4 implants per dog – 2 test 
group; 2 control group) both buccally and lingually were registered on table 19 
and 20. Consecutive histometric analysis was done and its results are presented in 
tables 21 and 22.
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 Table 19 Histological parameters measurements of the 24 implants (Lingual) in µm.
 Table 20 Histological parameters measurements of the 24 implants (Buccal) in µm.
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    III. 2 hIstometrIc results 
Mean values found for buccal S-BIC (test group = 0.53 mm; control group = 
0.52 mm) and lingual S-BIC (test group = 0.13 mm; control group = 0.11 mm) were 
very similar for both groups. Also mean values found for buccal S-BC (test group = 
0.48 mm; control group = 0.42 mm) and lingual S-BC (test group = 0.16 mm; con-
trol group = 0.11 mm) were very similar for both groups. The difference between 
buccal BC and lingual BC presented a mean value of 0.60 mm for test group and 
0.54 mm for control group (Tables 21 and 22). 
  Table 21 Histometric analysis (Mann Whitney Test): Comparison between test and control 
buccal sides (n=12) (mm).
Mean values for buccal PM-BIC (test group = 3.80 mm; control group = 3.88 
mm), buccal PM-aBE (test group = 2.79 mm; control group = 3.13 mm), buccal aBE-
BC (test group = 1.10 mm; control group = 0.65 mm) and buccal S-PM (test group 
= 3.27 mm; control group = 3.36 mm) were found. On lingual side, mean values 
for parameters lingual PM-BIC (test group = 2.03 mm; control group = 1.98 mm), 
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lingual PM-aBE (test group = 1,26 mm; control group = 1.35 mm), lingual aBE-BC 
(test group = 0.39 mm; control group = 0.39 mm) and lingual S-PM (test group = 
1.76 mm; control group = 1.86 mm) were found (Table 22). 
  Table 22 Histometric analysis (Mann Whitney Test): Comparison between test and 
control Lingual sides (n=12) (mm).
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    III. 3 hIstometrIc data statIstIc analysIs
Being defined the histometric parameter S-BIC (distance from the shoulder 
of multibase abutment to the first bone implant contact) as the primary variable of 
the study, nonparametric Wilcoxon comparison paired test (n=6) found no statisti-
cally significant difference (buccal p = 0.917; lingual p = 0.463) between test and 
control groups both lingually and buccally (Table 23). There were also found no 
statically differences for S-BC (buccal p = 0.600; lingual p = 0.345) and for buccal 
BC–lingual BC (p = 0.48) between test and control groups (Table 23). Wilcoxon test 
for other histometric parameters found also no statistically differences between 
test and control groups (Table 23).
  Table 23 Histometric analysis (Wilcoxon Test): Paired Comparison between test and 
control sides both Buccal and Lingual (n=6). 
Applying Wilcoxon comparison paired test to Pm3 and Pm4 implants sepa-
rately, only for Pm3 the parameter buccal aBe–BIC (p = 0.046) was found statisti-
cally different between test and control groups (Table 24 and 25).
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  Table 24 Histometric analysis (Wilcoxon Test): 3º pre-molar (Pm3) – Paired Comparison between test and 
control groups (n=6).
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 Table 25 Histometric analysis (Wilcoxon Test): 4º pre-molar (Pm4) – Paired Comparison between test and 
control groups (n=6).
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  DISCUSSION
As with the natural dentition, biologic tissue responds to the insertion of an 
endosseous implant by generating periosteum, connective tissue, and epithelial 
lining on the exposed bone to create a band of soft tissue that maintains the integ-
rity of the periodontium. The biologic width determines the minimum dimensions 
of peri-implant mucosa that ensure adequate junctional epithelium and supra-al-
veolar connective tissue to maintain an optimal seal around implants and provide 
protection from mechanical and external biologic agents (Linkevicius et al. 2009, 
2010). The proceedings of the 3rd European Workshop on Periodontology and 
Implant Dentistry state that the function of the peri-implant seal is “to maintain 
homeostasis of the internal environment in response to challenges from external 
environment”. When an external agent invades the biologic width, the epithelium 
responds by migrating beyond the damaging agent in an attempt to isolate it and 
create a defensive distance that ensures periodontal integrity (Hansson et al. 1983; 
Berglundh & Lindhe 1996; Hermann et al. 1997, 2001a). This results in bone resorp-
tion, which ensures the reestablishment of the biologic width dimensions.
The structure of peri-implant mucosa has many similarities with periodontal 
tissues (Hansson et al. 1983; Berglundh & Lindhe 1996; Hermann et al. 1997, 2001a). 
The soft tissue barrier is composed by a sulcus with a non-keratinized sulcular epi-
thelium, a junctional epithelium, and a supracrestal connective tissue with an area of 
dense circular fibers near to the implant surface (Cochran et al. 1994 and Gouldas et 
al. 1981). The presence of a junctional epithelium facing the titanium surface, similar to 
the one around teeth, has been evidenced by a large number of studies (Cochran et 
al. 1994 and Gouldas et al. 1981). In a work on rats (Ikeda et al. 2000), the presence of 
a basal lamina and hemidesmosomes in peri-implant junctional epithelium was con-
firmed although it was stated that the finding of a basal lamina was less evident than 
on the control tooth sites, and it was well detectable only in the lower part of junctional 
epithelium. Results from a more recent article by Shioya et al. (Shioya et al. 2009) differ 
greatly by the work of Ikeda et al. 2000. One week after implant insertion, peri-implant 
epithelium was observed and 8 weeks after implant insertion, the peri-implant epithe-
lium receded, and the implant interface appeared to be sealed by aligned special cells 
with surrounding elongated fibroblasts and bundles of collagen fibers. No hemides-
mosomes and no basal lamina were found in this tissue. This finding is in contrast with 
the previous scientific literature and opens new phases for further research.
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Connective fibers orientation represents the most important difference 
between periodontal and peri-implant tissues: while in the periodontal structure, 
fibers run perpendicular the long axis of the tooth, in peri-implant tissue, the 
fibers from the bone crest run parallel to the implant surface (Berglundh et al. 1991). 
Buser et al. investigated the soft tissue dimensions around three different titanium 
surfaces, a rough surface, a sandblasted surface and a polished surface (Buser et 
al. 1992). No significant difference concerning soft tissue reactions were found 
between the three implant surfaces. The soft tissue barrier was composed by a 
sulcus with a non-keratinized sulcular epithelium, a junctional epithelium, and a 
supracrestal connective tissue with an area of dense circular fibers near to the 
implant surface.  Circular fibers were found in the inner zone of connective tissue, 
next to the titanium surface; in the outer layer, horizontal and vertical fibers were 
found: these fibers were running from the periosteum and the alveolar crest to-
wards the oral epithelium. Authors reported that the orientation of the fibers differs 
in rough and smooth surfaces: smooth surfaces revealed an orientation of fibers 
parallel to the implant surface, while porous-coated surfaces promoted the for-
mation of perpendicular fibers. The presence of these fibers has been confirmed in 
the study of Shioya et al. (Shioya et al. 2009). The overall tissue was described as “an 
inflammation free scar tissue”.
The dimension the soft tissue barrier around implant seems to be constant, 
similarly to what has been described around teeth. This dimension has been 
described as “peri-implant biologic width”: This is composed by the dimension 
of the sulcus, and by the supra-crestal epithelial and connective tissue component 
(Berglundh et al. 1991). Most studies report bigger values for peri-implant biologic 
width than the ones reported for periodontal biologic width (Hansson et al. 1983; 
Berglundh & Lindhe 1996; Hermann et al. 1997, 2001a). The difference is generally 
related to a bigger epithelial component at implant sites when compared to the 
tooth. The dimensions of biologic width between teeth and implants are similar 
being approximately 2 mm of epithelial tissue and 1–1.5 mm of connective tissue 
(Berglundh et al. 1991; Abrahamsson et al. 1996). A minimum dimension of the 
biologic width is needed to accommodate for the soft tissue healing process: when 
this dimension is not present, bone resorption may occur, to allow for an “appro-
priate biologic dimension” of the peri-implant soft tissue barrier (Bengazi et al. 
1996). Such resorption appears to be related primarily to exposure of the implant 
to the oral environment (Berglundh & Lindhe 1996; Baffone et al. 2013; Bengazi et 
al. 2013a,b). This process is also observed around natural teeth when the biologic 
width is invaded by formation of calculus or infra-gingival margins of crowns. Ben-
gazi et al. evaluated the alterations in the position of the peri-implant soft tissue 
margin, during a 2-year period follow-up. 163 Brånemark implants were inserted 
into 41 patients that were periodontally evaluated and re-examined after 6 months, 
1 and 2 years. The results indicated an apical displacement of the soft tissue margin 
that mainly occurred during the first 6 months of observation. Lingual sites in the 
mandible showed the most pronounced soft tissue recession, decrease of probing 
depth, and decrease of width of masticatory mucosa. 
This was one of the main reasons why we have designed, in our study, an 
almost 6 months period (between 3,5 and 9 months of the study) after the last 
abutment manipulation, in which abutments were left undisturbed both in test 
and control groups. In this way, we tried to unsure sufficient time for soft and hard 
tissue stabilization.
The influence of different factors on peri-implant biologic width dimensions 
has been evaluated reviewing the available literature. These are: surgical technique, 
loading time, titanium surfaces and abutment materials, abutment manipulation, 
platform-switching concept, implant structure and position, immediate post-extrac-
tive insertion. Surgical technique, one-stage or two-stage surgery and loading time, 
both immediate and delayed, do not influence the dimensions of the soft tissue 
barrier around the implants (Ericsson et al. 1996; Abrahamsson et al. 1996; Herm-
man et al. 2000). xavier R-C et al. 2009 analyzed if the use of the platform-switching 
technique would change the bone resorption patterns between adjacent implants 
placed less than 3 mm apart. Radiographic studies of bone resorption around 41 
pairs of implants placed less than 3 mm apart in 37 patients were carried out. Mean 
vertical bone resorption was 0.62 mm, and the mean horizontal component was 
0.60 mm. The bone peak that extended coronally beyond an imaginary line con-
necting the two implant-abutment interfaces was measured, and the mean bone 
height preservation above this interimplant line was 0.24 mm. Tarnow et al. 2000 
study evaluated the lateral dimension of the bone loss at the implant-abutment 
interface and to determine if this lateral dimension has an effect on the height of 
the crest of bone between adjacent implants separated by different distances. The 
results demonstrated that the lateral bone loss was 1.34 mm from the mesial im-
plant shoulder and 1.40 mm from the distal implant shoulder between the adjacent 
implants. In addition, the crestal bone loss for implants with a greater than 3 mm 
distance between them was 0.45 mm, while the implants that had a distance of 3 
mm or less between them had a crestal bone loss of 1.04 mm. The authors conclud-
ed that there is a lateral component to the bone loss around implants in addition 
to the more commonly discussed vertical component. The clinical significance of 
this phenomenon is that the increased crestal bone loss would result in an increase 
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in the distance between the base of the contact point of the adjacent crowns and 
the crest of bone. This could determine whether the papilla was present or absent 
between 2 implants as has previously been reported between 2 teeth.
Based on the literature, in our study BL implants were placed at least 4mm 
apart from each other both in test and control groups. The purpose was to minimize 
the influence of a shorter distance between implants could have in the marginal 
bone stability (lateral bone loss) and consequently in the study results.
More controversial is influence of titanium surfaces and abutment materials. 
Titanium is the only material that demonstrated soft tissue biocompatibility; zirco-
nium and aluminum oxide have showed favorable histological outcomes whereas 
dental porcelain and gold were less biocompatible. There is no agreement in liter-
ature on the influence of titanium surface; in fact while there are studies indicating 
a smaller dimension of the biologic width in smooth surfaces, other studies suggest 
that these differences are not present (Abrahamsson et al. 2002; Rompen et al. 
2006; Glauser et al. 2005; Rossi et al. 2008). Further research is needed to allow 
for a conclusion. Joly et al. 2003 evaluated the clinical and radiographic changes 
in the peri-implant tissues around one-stage implants with different smooth neck 
portion lengths before and after functional prosthetic loading. Twelve one-stage 
implants were placed in adult patients with bilateral edentulous posterior mandibular 
ridges. The sites were randomly assigned into two groups of six each: group 1: 2.8 
mm neck implants and group 2: neck implants. The parameters plaque index (PI), 
gingival index (GI), probing depth (PD), gingival margin level (GML), relative clinical 
attachment level (r-CAL), and optical density (OD) were measured at loading 
(4 months) and 12 months after implant placement. The radiographic parameter 
osseous level (OL) was measured at implant placement, loading, and at 12 months. 
Analysis of variance and the paired student t test were used to detect difference 
over time and between groups. The results showed significant differences (p < 0.05) 
for both groups for PD, r-CAL, and OL for intragroup comparisons over time. 
However, no significant differences were found for PI, GI, PD, GML, OD, and OL for 
between-group comparisons. They have concluded that bony loss occurred before 
loading, supporting the soft tissues and maintaining the biologic width irrespective 
of the smooth portion length. The type of implant (i.e. one- or two-piece implants) 
and the surgical procedure (i.e. one- or two-stage surgical protocol) do not influ-
ence the dimensions and composition of the biological width (Abrahamsson et al. 
1996). Nevertheless limited data are available on the influence of the position of the 
implant shoulder in relation to the bone crest. It may be suggested that the deeper 
the implant shoulder position is, the longer the biological width (Hermman et al. 
1997). It has been recently suggested that marginal bone level alterations could be 
related to the extent of implant/abutment mismatching being positively correlated 
with the amplitude of the mismatch (Canullo et al. 2010; Baffone et al. 2011, 2012). 
Marginal bone levels were better maintained at implants restored according to the 
platform-switching concept (Canullo et al. 2010). Microgap between implant and 
abutment, when present, can modify the dimension of biologic width; the longer 
epithelial component described may be determined by bacterial colonization or 
abutments micro-movements. The clinical consequences of such histological find-
ings are still unknown. 
We have select for our study, bone level BL implants (Straumann®, Basel, 
Switzeland) with a platform-switching concept, in order to minimize the impact of im-
plant vertical position on biological width components and crestal bone remodeling.
Callan et al. 2005 have shown that a migration of bacteria exists in the oral 
cavity toward the implant-abutment interface. Colonization of these surfaces occurs 
within the first 25 days after placement of the abutment and is limited to the con-
tact surface of the 2 components. The main organisms that have been isolated are: 
Aggregatibacter actinomycetemcomitans, Tannerella forsythensis, Campylobacter 
rectus, Eikenella corrodens, Fusobacterium nucleatum, Porphyromonas gingivalis, 
Prevotella intermedia, and Treponema denticola. Spontaneous early implant expo-
sure is believed to be harmful, resulting in early crestal bone loss around submerged 
implants (Callan et al. 2005). Jeong et al. 2008 examined the influence of abutment 
connections and plaque control on the initial healing of prematurely exposed im-
plants in the canine mandible. Bilateral, edentulated, flat alveolar ridges were cre-
ated in the mandible of 10 mongrel dogs. After 3 months of healing, two implants 
were placed on each side of the mandible following a commonly used two-stage 
surgical protocol. Implants on each side were randomly assigned to one of two pro-
cedures: 1) connection of a cover screw to the implant and removal of the gingiva 
to expose the cover screw; and 2) connection of a healing abutment to the implant 
so that the coronal portion of the abutment remained exposed to the oral cavity. 
In five dogs (plaque control group), meticulous plaque control was performed. In 
the other five dogs (no plaque control group), plaque was allowed to accumulate. 
At 8 weeks post-implantation, microcomputarized tomography was performed at 
the implantation site to measure bone height in the peri-implant bone. The results 
found were that plaque control group had greater vertical alveolar ridge height (9.7 
+/- 0.5 mm) than the group without plaque control (7.4 +/- 0.7 mm). In the plaque 
control group, the average bone height was greater with the abutment-connected 
implant (10.1 +/- 0.5 mm) than with the partially exposed implant (9.3 +/- 0.5 mm). 
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In the group without plaque control, the average bone height was greater with 
the partially exposed implant (8.2 +/- 0.6 mm) than with the abutment-connected 
implant (6.5 +/- 0.7 mm). These results suggested that the placement of healing 
abutments and meticulous plaque control might limit bone loss around submerged 
implants when implants are partially exposed.
 Based on this literature, in our study, the animals were enrolled in a 
plaque control program consisting in cleaning the teeth and the implants three times 
a week with gauzes embedded in chlorhexidine oral rinse 0.12% during the first 
2 weeks, and then a brush and toothpaste, during the all 9 months long of the study.
Contradictory data are present on dimension of the biological width when 
an immediate post extractive approach is utilized: differences between buccal and 
lingual sites have been documented, demonstrating a bigger biologic width in buccal 
sites of immediately placed implants (Araújo et al. 2005, 2006). This difference is 
related to a bigger connective component in buccal sites. The limited experimental 
evidence available seems to indicate a tendency towards larger dimensions of the 
mucosal seal around implants placed according to this surgical protocol.
The establishment of biologic width can so, be affected by the surgical tech-
nique, loading, microgap, implant position, infection/inflammation, switching plat-
form concept, immediate implants flap vs. flapless (Blanco et al. 2008) and abutment 
manipulation (De Santis et al. 2010). Microgap between implant and abutment, 
when present, can modify the dimension of biologic width. The longer epithelial 
component described may be determined by bacterial colonization or abutments 
micromovements. Hermann et al. (2001a) has reported that the bone loss at the 
alveolar crest is significantly influenced by micromovements of the implant compo-
nents, but not by the size of the microgap. They concluded that significant crestal 
bone loss occurs in 2-piece implant configurations, even with the smallest-sized 
microgaps (< 10 mm) in combination with possible movements between implant 
components. Locating the shoulder of the implant crestally or subcrestally avoids 
exposure of the metal, and is indicated for achieving adequate vertical dimension 
and an aesthetic emergence profile. However, the deleterious effect is higher bone 
resorption (Piatelli et al. 2003). Crestal bone resorption primarily occurs during the 
first 4 weeks after uncovering, and although the cellular mechanism has not yet 
been identified, the micro-gap elicits an inflammatory response and subsequent 
bone loss (Hermann et al. 1997; 2001c). The width of the interface, micromove-
ments of the implant and/or abutment, and peri-implant vascular alterations might 
all contribute to the influence of microbial contamination on the biologic width 
(King et al. 2002). 
In our study, we have used multibase Narrow CrossfitTM abutments 1 mm 
high from the implant shoulder to abutment shoulder (vertical biological width 
component) and approximately 0,3 mm of horizontal platform-switching compo-
nent (horizontal biological width component) with a very small microgap (manufac-
ture’s characteristics). These platform-switching abutments characteristics would, 
according to updated literature, presented the least negative influence on the sta-
bility of the biological width soft tissue components.
The purpose of the Hartman and Cochran (2004) study was to investigate 
the amount of radiographic bone remodeling that occurs over time using a one-
piece implant system. They selected 27 patients receiving implants in the maxilla, 
and 15 receiving implants in the mandible were included in the study. All implants 
were placed with a non-submerged surgical technique with varying locations of 
the rough-smooth border with respect to the alveolar crest. Clinical exams and 
radiographs were taken on the day of implant placement, at 6 months, and an-
nually up to 5 years. They found that a significant amount of bone remodeling 
compared to baseline occurred for all implants at the 6-month follow-up visit (1.10 
mm), with the remaining time points showing virtually no change (0.1 mm). A rela-
tionship was found between the amount of bone remodeling and the location of 
the rough-smooth border with respect to the alveolar crest. Those implants with the 
rough-smooth border surgically placed below the crest had, on average, a greater 
amount of remodeling at 6 months (average = 1.72 mm) than implants with the 
rough-smooth border placed at or near the crest (average = 0.68 mm). In both situ-
ations, this remodeling occurred early (within 6 months), reached a similar level and 
remained virtually unchanged up through 60 months (0.05 mm). These results lead 
to the conclusion that a physiologic dimension appears to exist between the bone 
and the implant–crown interface around one-piece implants that is established early 
and maintained over time. These results are significant because they demonstrate, 
in patients, that the magnitude of initial bone remodeling around these one-piece 
dental implants is dependent on the positioning of the rough-smooth border of the 
implant in an apico-coronal dimension. 
In our study, the 24 BL implants were placed at bone crest level, both in test 
and control groups to avoid bias concerning initial biologic width remodeling of im-
plants placed below bone crestal level. In this study, although being a 2-piece im-
plant, the rough SLActive implant surface and its insertion position (at bone crest lev-
el) may also have contributed to bone level crest stability outcomes that were found. 
Degidi et al. (2010) observed from an human study that a small but significant 
horizontal bone loss (non vertical) was evidenced in the hard tissue portion over the 
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subcrestal implant platform in a period of time between the 6-months and 1-year 
follow-up when the abutment was removed to impression taken compared with the 
“one abutment at one time” concept when the abutment was applied immediately 
at time of implant placement. This difference seemed to be maintained over the 
3-year period of the study. Grandi et al. (2012) found for 28 patients with partial 
edentulism rehabilitated with two implant supported immediate restoration that 
when definitive platform-switched abutment was connect at time of surgery, there 
was statistically less bone resorption than in the group where abutments were re-
moved for impression taken. Thus, many studies presently aim and surely will focus 
in the future on determination of the clinical and technical solutions, which must be 
undertaken to prevent recession of soft and hard tissues. 
It was suggested that healing abutment disconnection as a part of prosthetic 
treatment results in disruption of the epithelial seal, causing bleeding and ulceration 
of the site (Abrahamsson et al. 1997, 2003). This mechanical disruption may be consid-
ered as an open wound or exposure of connective tissue, which may result in inflam-
matory responses and epithelial migration. The re-establishment of biologic width in 
a more apical position may be one of the factors that could explain initial crestal bone 
loss. Watson et al. 1998 in retrospective clinical study evaluated soft tissue condition 
and crestal bone loss around implants, which had earlier healing abutments, placed 
after second stage surgery. After a 3-year follow-up, it was concluded that there was 
no evidence to suggest that abutment exchange adversely affects the outcome of 
implant treatment. The shift from healing abutment to prosthetic analogue neither 
affected the survival rates of implants nor increased the marginal bone loss. Already 
in 2013, Rodrigez x et al. have designed an animal study with the aim of radiologi-
cally measure the influence of abutment disconnection on bone resorption and to 
compare this influence on platform-switched vs. non-platform-switched implants. 
They concluded that Implants with a platform-switching design show less peri-im-
plant bone resorption during the healing process and as their abutments are dis-
connected, than do comparably dis/reconnected non-platform-switching implants 
(Rodriguez x. et al. 2013). Other prospective randomized controlled clinical trial 
published in 2013 by Koutouzis et al. studied the effect of healing abutment dis-
connection and reconnection on soft and hard peri-implant tissues. The authores 
conclued that implants receiving a final abutment at the time of implant placement 
exhibited minimal marginal bone loss and were similar to implants subjected to 
abutment disconnection and reconnection two times. Disconnection and recon-
nection of the abutment two times did not cause negative dimensional changes in 
the peri-implant mucosa (Koutouzis et al. 2013 ).
Although each and every of these factors may contribute to the establish-
ment of biologic width, in our particular animal study, we have tried just to vary the 
factor “abutment manipulation” and analyze its possible impact on the behavior 
of biologic width and marginal bone loss. In our study, we have found no statis-
tically significant differences concerning the distance between multibase abut-
ment shoulder to the first bone implant contact (S-BIC) when there was or not 
abutment manipulation, what could mean that, at least for platform-switching 
implants, five time abutment connection/disconnection during prosthetic phase 
seem to have no influence on marginal bone stability. 
We have found statistically significant differences for Pm3 concerning the 
parameter buccal aBe–BIC. The distance from the apical end of the barrier epithe-
lium to the first bone implant contact or rather the length in mm of the connective 
tissue attachment of the peri-implant mucosa at the buccal side (buccal aBe–BIC) 
in the test group was longer than in control group (abutment manipulation). This 
could mean that the connective tissue length in control group would become 
shorter in time probably do to the disruption of connective tissue attachment at 
time of abutment manipulation. Although the connective tissue length appears to 
be shorter after abutment manipulation, it would still prevent the apical resorp-
tion of buccal crestal bone, as the S-BIC distance did not significantly varied. The 
reason that may justify why the statistic significant differences were found on the 
connective tissue component of the biologic width and not on the epithelial com-
ponent could be related with the fact that with the nC abutments, the platform 
switching concept is applied.
 So, the apical reorganization of the biologic width components due to abut-
ment manipulation could be carried out mainly in response to connective tissue 
horizontal and vertical changes rather than to the apical resorption of bone crest or 
to epithelial attachment changes. It seems that the epithelial part of biologic width 
after platform switching concept abutment manipulation would reattach, maintain-
ing its length, and that the connective tissue component would reorganize, becom-
ing shorter. It seems that platform-switching abutment manipulation plays an influ-
ence on the connective tissue portion of implant biologic width, which becomes 
shorter but does not conduct to more buccal marginal bone resorption, protecting 
the bone to reabsorb. This seems especially true for the buccal soft tissue margin 
around Pm3 where keratinized tissue is thinner than Pm4 region. 
Becker et al. (2012) in a dog model study found that two times (at 4 and 6 
weeks) abutment dis/re-connection appeared to be associated with an obvious dis-
ruption of the established mucosal seal in the 12 platform-switching implants inves-
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tigated and concluded that repeated manipulation may be associated with dimen-
sional changes of peri-implant soft and hard tissues formed at both mismatched Ti 
and zrO2 abutments. Anyway, these conclusions were based on the results of only 
three dogs (12 implants) which histometrical analysis was carried out at 8 weeks, 
meaning that the soft tissue only had 2 weeks to heal and eventually reorganize, 
between the last abutment dis/re-connection (6 weeks) until dog’s sacrifice. 
In our study, apart from the 5 times abutment dis/re-connection, the soft and 
hard tissue was left undisturbed for a period of almost 6 months (extrapolating 18 
months in humans) between the last abutment dis/ re-connection and dog’s sacri-
fice to unsure sufficient soft and hard tissue stabilization. 
Berglundh and Lindhe (1996) reported that thin tissues might provoke crestal 
bone loss, during the formation of the peri-implant seal in an animal experiment. 
Observations in other histological study showed that implants, surrounded by con-
sistently thin mucosa, had angular bone defects, while at implant sites with even 
alveolar pattern, wide mucosa biotype was prevalent (Abrahamsson et al. 1996). 
The histometrical analysis of our study failed to corroborate these facts. 
On the other hand, the clinical results for buccal recession found statis-
tically significant differences between test and control groups showing that the 
control group presented 0.57 mm more recession than the test group. More Re-
cession may be the clinical result of the immediate disruption of the connective 
and epithelial biologic width attachment at time of abutment manipulation in 
each appointment at control group. This was special significant on Pm3 region. 
The clinical recession parameter was measured immediately after healing abut-
ment disconnection and multi-base connection. These findings may indicate that 
the connection/disconnection of the abutment during the prosthetic phase of im-
plant treatment may present an immediately influence on the buccal soft compo-
nents of biologic width, especially in thin biotypes, and that a shorter connective 
attachment component at platform-switching implant shoulder will reorganize 
to prevent bone marginal bone resorption. This is corroborating with the clinical 
observation of an ischemic marginal implant soft tissue present on control group at 
every time that the healing abutments were disconnected and the NC abutments 
were connected for successive prosthesis try-in visits (five visits), in opposition to 
the test group where no ischemic sign were clinically appreciated. These findings 
should be considerate mainly in esthetic regions where some uncontrolled soft tis-
sue recession during prosthetic phase may compromise final rehabilitation esthetic 
outcome. Already Linkevicius et al. 2009 had concluded, from a1-year prospective 
controlled clinical trial, that initial gingival tissue thickness at the crest may be con-
sidered as a significant influence on marginal bone stability around implants. If the 
tissue thickness was 2.0 mm or less,crestal bone los up to 1.45 mm might occur, de-
spite a supracrestal position of the implant-abutment interface. Blanco et al. (2010) 
also found in a dog model study that the mean values for the biologic width lon-
gitudinal dimension at the buccal aspect were higher in the flap group than in the 
flapless group on immediate implants and this difference mostly being due to the 
Pm3, probably because of a thinner biotype in this region. It is well acknowledged 
that stability of crestal bone around implants plays a major role in implant longevity 
and esthetic outcome of treatment. A stable bone level around the implant neck 
is a prerequisite for achieving support and, hence, long-term optimal and stable 
gingival contours. This is especially so with regard to the interdental papillae in 
the anterior region. Thus, even a buccal gingiva margin recession of 0.5 mm may 
result in poor esthetics or dramatically disturbed bone-to-implant contact of a short 
implant. The ability to predict the amount of bone remodeling around implants is 
important for a stable and predictable esthetic result. 
Abutment time of connection/manipulation will always be a factor to be con-
sidered by the clinician and its impact in the overall treatment success is of utmost 
importance. There is a lack of research data regarding abutment time of disconnec-
tion/re-connection influence on stability of crestal bone around implants (Rompen 
2012). It appears that almost no clinical studies have been found in the literature 
on the topic and very few animal experiments evaluated this relationship. However, 
in light of evidence-based dentistry, results from animal studies cannot be directly 
attributed to clinical practice, and they play a definitive role for the understanding 
of the processes to elaborate clinical trial. The influence of dental implants on the 
surrounding soft and hard tissue is crucial in defining the implant’s functional and 
esthetics success. Therefore, more histological and clinical research will be neces-
sary to confirm or reject these animal experiment results.
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  CONCLUSIONS
1. It could be conclude, within the limits of this animal study, that the con-
nection/disconnection of platform-switching abutments during prosthetic phase of 
implant treatment does not induce histological bone marginal reabsorption. 
2. It could also been concluded, that the connection/disconnection of plat-
form-switching abutments during prosthetic phase of implant treatment does not 
induce radiological major bone crest resorption or bone osseointegration failing.
3. It could also been concluded, that the connection/disconnection of plat-
form switching abutments during prosthetic phase of implant treatment may pres-
ent a negative influence in the buccal connective tissue attachment that becomes 
shorter, anyway preventing marginal hard tissue resorption, especially in thin 
biotypes. This fact may determine clinically more gingival buccal recession. These 
findings should be considerate especially in esthetic regions where some uncon-
trolled soft tissue recession during prosthetic phase may compromise final reha-
bilitation esthetic outcome.
  COnCLUSIOnS
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    pIctures Index
Fig.1 Around natural teeth, the biologic width has been shown to consist of 
approximately 1mm of connective tissue, 1mm of epithelium, and 1mm or more of 
sulcular depth. (Adapted Makigusa 2009).
Fig.2 a, b, c- The biological width of the dentogingival junction in (a) teeth 
and (b) around implants typical of the Branemark system, and (c) the non-sub-
merged ITI implant system. S = sulcus which is approximately 0.5 to 1 mm deep; 
JE = junctional epithelium which is about 1.5 to 2 mm in apico-coronal width; CT 
= Connective tissue zone (1 to 2 mm in width) in which the fibers are attached to 
root cementum in teeth but run parallel to the implant surface; A = abutment – The 
abutment to implant junction is situated beneath the soft tissue in the Branemark® 
system; C = smooth transmucosal collar of the Straumann® system (adapted from 
Richard Palmer. Dental implants:  Teeth and implants (1999) British Dental Journal 
187, 183 - 188 Published online: 28 August 1999).
Fig.3 The composition of biological width around implants. Sulcus depth 
(SD) - distance from peri-implant mucosa margin (PM) to the most coronal point of 
junctional epithelium (cJE). Junctional epithelium (JE) – distance from cJE to most 
apical point of the junctional epithelium (aJE). Connective tissue zone (CT) – dis-
tance from aJE to the first bone to implant contact (BC).
Fig.4a Connective tissue around teeth, where fibers (Sharpey fibers) invest 
at an oblique angle in cementum; 4b – Collagen fibers start from marginal bone 
crest, come close to implant surface and align themselves parallel with the junction-
al epithelium. (Adapted Makigusa 2009).
Fig.5 Implant with platform switching modification (Bone level implant, Strau-
mann®, Basel, Switzerland). Note that abutment is narrower that implant platform.
Fig.6 Platform-switching design using the example of a 4.8 mm implant with 
a 4.1 mm abutment (adapted xavier R-C et al. 2009).
Fig.7a and 7b Clinical and radiographic picture of the experimental Pm3 
and Pm4 regions.
Fig.8 24 Straumann® BL Implants (Ø 3,3 mm/8 mm).
Fig.9 24 Straumann® Multi-base Narrow CrossFit ™ (NC) abutments.
Fig.10 12 Straumann® Bone Level healing abutments.
Fig.11 12 Straumann® Multi-base Narrow CrossFit ™ (NC) abutments pro-
tective cap.
Fig.12 dogs prepared under general anaesthesia.
Fig.13 Aseptic preparation of the dogs for surgery.
Fig.14 At time – 3 months of the study extractions of Pm 3 and Pm 4 were 
made in both sides of the 6 Beagle dogs.
Fig.15a and 15b Hemisectioning of the Pm3 and Pm4 mesial and distal 
roots to facilitate extraction.
Fig.16 All the alveolus healed for a period of 12weeks (0 months of the study).
Fig.17 Supracrestal incision to expose bone.
Fig.18 Site preparation following the Straumann® BL implant placement 
protocol (spherical Ø 3,2 mm drill).
Fig.19 Site preparation following the Straumann® BL implant placement 
protocol (Ø 2.8 mm twist drill).
Fig.20 Site preparation following the Straumann® BL implant placement 
protocol (tapping instrument).
Fig.21 Site preparation following the Straumann® BL implant placement 
protocol (BL Ø 3,3 mm profile drill).
Fig.22 BL Ø 3.3 mm/ 8 mm implant insertion.
Fig.23 Second BL Ø 3.3 mm/ 8mm implant insertion (2 in each side of dogs 
mandible).
Fig.24 a, b, c and d BL implant insertion (3D positioning checking).
Fig.25 a, b, c and d 2 Straumann® multi-base NC abutments were screwed in 
one side of the mandible (a, b) and 2 healing caps were placed on the other side (c, d).
Fig.26 2 multi-base abutments were screwed on the right side of the man-
dible (Test Group) and 2 healing abutments were placed on the left side of the 
mandible (Control Group).
Fig.27 Clinical situation after 6 weeks healing period.
Fig.28 Impressions were taken direct to implant shoulder on left side of dog 
#1,3,5 and right side of dog #2,4,6 (clinical and radiographic impression copings 
adaptation control).
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Fig.29 Impressions were taken direct to multi-base abutments on right side 
of dog #1,3,5 and left side of dog #2,4,6 (clinical and radiographic impression cop-
ings adaptation control). 
Fig.30 Clinical picture of impression copings screwed in both sides of 
mandibule.
Fig.31 Clinical picture of adaptation of personalized impression open 
acrylic tray.
Fig.32 Impressions were taken with an open personalized acrylic tray and 2 
polivinilsiloxane materials (1 of regular viscosity on mouth and a putty soft viscosity 
in the tray).
Fig.33 Mandibular dog model reproduced precisely the clinical conditions 
in dog mandibles as in one side both implants presented at the shoulder level and 
the other side presented at the multi-base abutment level.   
Fig.34 a, b On left side of dog #1,3,5 and right side of dog #2,4,6 side, 2 
multi-base abutments were screwed to the implants in the model and the metal 
framework was built on top of it.
Fig.35 Both sides of the dog mandible showing the framework wax-up.
Fig.36 Both sides of the dog mandible showing 2 screw-retained metal fixed 
bridges. 
Fig.37 and 38 Screw retained metal bridges were prepared (2 for each dog) 
respecting the anatomic form of dog teeth. Occlusal contact checked on intercus-
pidation bite.
Fig.39 and 40 Right side dog # 1,2,3 and left side dog # 4,5,6. Only the pro-
tective caps of multi-base abutments were removed. Multi-base abutments were 
left undisturbed. 
Fig.41, 42, 43 and 44 Left side dog #1,2,3, Right side dog #4,5,6. Healing 
caps were removed and new multi-base abutments were screwed directly to implant.
Fig.45 and 46 Soft tissue clinical situation immediately after healing caps 
removal and metal framework insertion on test group.
Fig.47 and 48 Ischemic marginal soft tissue around implants was observed 
on the side at the time that new multi-base abutments were screwed and also at 
time of metal framework insertion, on group control.
Fig.49 and 50 Radiographic control of metal framework adaptation.
Fig.51 and 52 Occlusal contacts were checked clinically with occlusal bite 
paper in order to correct any improper occlusal contacts. 
Fig.53 Correcting an occlusal premature contact with a diamond bur.
Fig.54 and 55 Test (left picture) and control (right picture) groups after 
definitive insertion of prosthesis at week 14.
Fig.56 Screws access holes were filled with silicone.
Fig.57 Rx control at time of definitive prosthesis delivery.
Fig.58 and 59 Clinical picture at 6 months after prosthesis insertion, just 
before unscrewing it for cleaning control (control and test groups).
Fig.60 and 61 Rx control at 9 months of implant placement, 6 months after 
definitive prosthesis insertion.
Fig.62 Dog identification microchip.
Fig.63 Implants insertion torque registration.
Fig.64 Distance between implants measured with a CP15 periodontal probe 
Hu-Friedy® (Hu-Friedy, Chicago, IL, USA) (mm).
Fig.65a and 65b Buccal keratinized tissue measurements with a CP15 per-
iodontal probe Hu-Friedy® (Hu-Friedy, Chicago, IL, USA) (mm) – a-test group; b- 
control group.
Fig.66 Distance between top of healing abutment and gingival margin meas-
ured with a CP15 periodontal probe Hu-Friedy® (Hu-Friedy, Chicago, IL, USA) (mm).
Fig.67 Multi-base abutment connection (test group).
Fig.68 Distance between implant shoulder and buccal gingival margin 
(recession) - control group. 
Fig.69 Buccal keratinized tissue measurements with a CP15 periodontal 
probe Hu-Friedy® (Hu-Friedy, Chicago, IL, USA) (mm) – control group.
Fig.70a and 70b Post-surgical x-ray (a - test group, b - control group).
Fig.71 Bone blocks fixated in 10% formalin.
Fig.72 Different alcohol concentration: under constant agitation.
Fig.73 Exakt 510 ® - Dehydration & Infiltration system.
Fig.74 Exakt 530-re-infiltration Unit®.
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Fig.75 Exakt 401Vacuum Adhesive Press.
Fig.76 a and b Exakt 402-Adhesive Presses.
Fig.77 and 78 Exakt 300 System and Exakt 400 CS-Micro Grinding System®.
Fig.79 Digital camera Olympus DP12 coupled to the Olympus Szx9.
Fig.80 Landmarks used for the histometrical measurements. PM, peri-im-
plant mucosal margin; aBE, apical end of the barrier epithelium; S, multibase abut-
ment shoulder; BIC, first bone-to-implant contact; BC, bone crest. Undecalcified 
ground B-L section, surface stained with Levai Laczkó – 1 mm magnification).
 Fig.81a, 81b Radiographic periapical control at 9 months of the study (c- 
test group; d- control group).
Fig.82 a, b Dog 1 - Histological preparation of test (a) and control (b) side 
implants (B -buccal, L - lingual). Undecalcified ground sections, surface stained with 
Levai Laczkó – 1 mm magnification.
Fig.83 a, b Dog 2 - Histological preparation of test (a) and control (b) side 
implants (B -buccal, L - lingual). Undecalcified ground sections, surface stained with 
Levai Laczkó – 1 mm magnification.
Fig.84 a, b Dog 3 - Histological preparation of test (a) and control (b) side 
implants (B -buccal, L - lingual). Undecalcified ground sections, surface stained with 
Levai Laczkó – 1 mm magnification.
Fig.85 a, b Dog 4 - Histological preparation of test (a) and control (b) side 
implants (B -buccal, L - lingual). Undecalcified ground sections, surface stained with 
Levai Laczkó – 1 mm magnification.
Fig.86 a, b Dog 5 - Histological preparation of test (a) and control (b) side 
implants (B -buccal, L - lingual). Undecalcified ground sections, surface stained with 
Levai Laczkó – 1 mm magnification.
Fig.87 a, b Dog 6 - Histological preparation of test (a) and control (b) side 
implants (B -buccal, L - lingual). Undecalcified ground sections, surface stained with 
Levai Laczkó – 1 mm magnification.
    tables and scheme Index
Table 1 Included studies describing influence of mucosa thickness on the 
stability of BW. (Adapted from Tomas Linkevicius, Peteris Apse Stomatologija, 
Baltic Dental and Maxillofacial Journal, 10:27-35, 2008).
Table 2 Results of the histomorphometric measurements concerning BW in flap 
and flapless groups for anterior (Pm3) and posterior implants (Pm4) (Blanco et al. 2010a).
Table 3 a) Inter-tooth units. Overview of studies investigating the influence 
of inter-tooth/implant-tooth/inter-implant distance on the presence of papilla 
CEJ: Cement-enamel junction
CPB: Distance from the base of the contact point to the proximal bone crest
HITD: Horizontal inter-tooth distance
Table 3 b) Implant-tooth units. Overview of studies investigating the influ-
ence of inter-tooth/implant-tooth/inter-implant distance on the presence of papilla. 
CPB: Distance from the base of the contact point to the bone crest
CPBt: Distance from the base of the contact point to the tooth bone level
CPBi: Distance from the base of the contact point to the implant bone level
HITD: Horizontal implant-tooth distance
VITD: Vertical implant-tooth distance
Table 3 c) Inter-implant units. Overview of studies investigating the influence 
of inter-tooth/implant-tooth/inter-implant distance on the presence of papilla. 
CPB: Distance from the base of the contact point to the bone crest
HID: Horizontal inter-implant distance
Table 4a) Implant-tooth units. Overview of studies investigating the relation-
ship between implant-tooth distance and bone level alterations. HITD: horizontal 
implant-tooth distance
Table 4b) Inter-implant units - clinical studies. Overview of studies investi-
gating the relationship between inter-implant distance and bone crest alterations. 
HID: horizontal inter-implant distance
BL: bone loss at the proximal bone crest
PhD THESIS Célia Coutinho alvesPhD THESIS Célia Coutinho alves
Marginal bone and soft tissue behavior following platform switching abutment connection/ 
disconnection – a dog model study212
Marginal bone and soft tissue behavior following platform switching abutment connection/ 
disconnection – a dog model study 213
Table 20 Histological parameters measurements of the 24 implants (Buc-
cal) in µm.
Table 21 Histometric analysis (Mann Whitney Test): Comparison between 
test and control lingual sides (n=12) (mm).
Table 22 Histometric analysis (Mann Whitney Test): Comparison between 
test and control buccal sides (n=12) (mm).
Table 23 Histometric analysis (Wilcoxon Test): Paired Comparison between 
test and control sides both Buccal and Lingual (n=6). 
Table 24 Histometric analysis (Wilcoxon Test): 3rd pre-molar (Pm3) – Paired 
Comparison between test and control groups (n=6).
Table 25 Histometric analysis (Wilcoxon Test): 4th pre-molar (Pm4) – Paired 
Comparison between test and control groups (n=6).
Table 4c) Inter-implant units - experimental studies. Overview of studies inves-
tigating the relationship between inter-implant distance and bone crest alterations.
HID: horizontal inter-implant distance
CBR: crestal bone resorption between implants
NS: non-submerged implant
S: submerged implant
Table 5 Included studies describing influence of abutment manipulation 
(adapted from Tomas Linkevicius, Peteris Apse Stomatologija, Baltic Dental and 
Maxillofacial Journal, 10:27-35, 2008).
Scheme 1 2 Straumann ® multi-base NC abutments were then screwed 
in one side of the mandible (right side of dog #1,3,5 and left side of dog #2,4,6 
– test group) and 2 healing conical abutments were placed on the other side 
(control group).
Table 6 Test Group - right side of dog #1,3,5 and left side of dog #2,4,6; 
Control Group - left side of dog #1,3,5 and right side of dog #2,4,6.
Table 7 Clinical measurements on day 0 (implant placement) (mm).
Table 8 Clinical measurements at 6 Weeks (mm).
Table 9 Clinical measurements at 8 Weeks (mm). * Occlusal trauma on the 
healing cup – occlusal adjustments were done at the time.
Table 10 Clinical measurements at 10 Weeks (mm).
Table 11 Clinical measurements at 12 Weeks (mm).
Table 12 Clinical measurements at 14 Weeks (mm).
Table 13 Clinical measurements at 6 months (mm).
Table 14 Clinical measurements at 9 months (mm).
Table 15 Clinical data: descriptive analysis.
Table 16 Clinical data: comparison between test and control groups.
Table 17 GEE model for clinical parameter Recession.
Table 18 GEE model for clinical parameter Keratinized Gingiva.
Table 19 Histological parameters measurements of the 24 implants (Lin-
gual) in µm.
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Marginal bone and soft 
tissue behavior following 
platforM switching 
abutMent connection/ 
disconnection  
– a dog Model study
PhD THESIS
SANTIAGO DE COMPOSTELA 2015
Célia Coutinho Alves
Facultad de Medicina y Odontología
Departamento de Estomatología
Universidade de Santiago de Compostela
“It can be conclude, within the limits of this animal study, that the connection/ 
disconnection of platform switching abutments during prosthetic phase of 
implant treatment does not induce bone marginal absorption. Furthermore, it 
may present a negative influence in the buccal connective tissue attachment 
that becomes shorter anyway preventing marginal hard tissue resorption, 
especially in thin biotypes.”
